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Figure 19.59 - Final Pit Design 

 

 

(b) Mining Phases Designs 

NCL designed a set of five mining phases for the Maracás Vanadium Project. 
Figure 19.60 shows the phase outlines on the 260 mining bench. 

The operative sequence is restricted to the minimum mining widths and the 
necessity of accesses.  In general, the pushbacks were designed following the 
obtained sequence of nested pit shells and in such a way that each of the first 
three phases contains the required ore for 1.5 to 2 years production and the 
following two between 3 to 4 years production. 

Phase 1 targets the ore with the highest grade and lowest strip ratio in the central 
area of the mine, down to 240-m RL. 

Phases 2 and 3 correspond to two consecutive expansions to the east, deepening 
down to 190- and 170-m RL, respectively. 

Phase 4 corresponds to the expansion to the west up to final limit, going down to 
150-m RL. 

Phase 5 corresponds to the final expansion to the east and down to the final depth 
at 120-m RL. 
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Figure 19.60 - Phases Design on 260 Bench 
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(c) Tabulation of Pit-Contained Resources 

Table 19-17 summarises the pit contained resources for the final design pit at 
several different vanadium pentoxide cutoff grades, and Table 19-18 is for the 
individual mining phases. 

NCL does not consider Tables 19-18 and 19-19 a statement of potential mineable 
reserves.  It is included to provide a distribution of ore grades in the pit and various 
phases.  The mineral reserve is based on the mine production schedule and is 
shown in Section 19.12.5. 
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Table 19-18 
Resources Contained in Final Pit at Various 

Cutoff Grades 
 

 
Cutoff1 

 

 
Ore 

(`000 t) 

 
% V2O5 

 

 
V in FeV 

(t) 

Strip 
Ratio 

 
 Total `000 t 42 188  

1.50 4 958 2.13 37 445 7.51 
1.25 5 970 2.00 42 369 6.07 
1.00 7 487 1.82 48 382 4.63 
0.90 8 184 1.74 50 728 4.16 
0.80 9 195 1.65 53 774 3.59 
0.70 10 266 1.55 56 618 3.11 
0.60 11 641 1.45 59 793 2.62 
0.45 13 079 1.34 62 502 2.23 
0.00 15 507 1.17 64 442 1.72 
 

1 Cutoff : % V2O5 
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Table 19-19 
Resources Contained in Mining Phases at Various Cutoff Grades 

 

Cut‐off 
1 Ore 

Ktonnes
%V2O5

V in FeV 
(tonnes)

Strip 
Ratio Cut‐off 

1 Ore 
Ktonnes

%V2O5
V in FeV 
(tonnes)

Strip 
Ratio

Mining Phase 1: Total Ktonnes 4,159         Mining Phase 2: Total Ktonnes 6,888        

1.50 1,362         2.19           10,588       2.05      1.50 1,491         2.20           11,668       3.62     

0.80 2,190         1.77           13,807       0.90      0.80 2,112         1.87           14,056       2.26     

0.40 2,886         1.49           15,326       0.44      0.40 2,948         1.52           15,906       1.34     

0.00 3,282         1.34           15,586       0.27      0.00 3,335         1.36           16,145       1.07     

Mining Phase 3: Total Ktonnes 7,325         Mining Phase 4: Total Ktonnes 13,928      

1.50 656            2.19           5,107         10.17   1.50 694            1.84           4,525         19.08  

0.80 996            1.83           6,471         6.35      0.80 2,690         1.26           12,020       4.18     

0.40 1,363         1.50           7,247         4.38      0.40 4,822         0.97           16,678       1.89     

0.00 1,583         1.31           7,378         3.63      0.00 5,682         0.86           17,303       1.45     

Mining Phase 5: Total Ktonnes 9,888         Total Total Ktonnes 42,188      

1.50 756            2.07           5,557         12.09   1.50 4,958         2.13           37,445       7.51     

0.80 1,206         1.73           7,420         7.20      0.80 9,195         1.65           53,774       3.59     
0.40 1,437         1.55           7,918        5.88    0.40 13,455    1.32         63,074       2.14    

0.00 1,625         1.39           8,030         5.08      0.00 15,507      1.17           64,442       1.72     
1 Cut‐off : %V2O5

 

19.12.5 Mine Production Schedule 

A mine production schedule was developed to show the ore tonnes, metal grades, total 
material and waste material by year throughout of the life of the mine.  The distribution of 
ore and waste contained in each of the mining phases was used to develop the schedule, 
assuring that criteria such as continuous ore exposure, mining accessibility, and 
consistent material movements were met. 

NCL used an in-house developed system to evaluate several potential production mine 
schedules.  Required annual ore tonnes and user specified annual total material 
movements are provided to the algorithm, which then calculates the mine schedule. 
Several runs at various proposed total material movement schedules were done to 
determine a good production schedule strategy.  It is important to note that this program is 
not a simulation package, but a tool for calculation of the mine schedule and haulage 
profiles for a given set of phases and constraints that must be set by the user. 

The mine plan developed by NCL does not include any special provisions for dilution, 
because the resource block model is already considered to be diluted. 

Nevertheless, careful grade control must be carried out during mining to minimise 
misplaced ore, due to the important effect of head grade on ferro vanadium production. 
These efforts should include the following standard procedures. 

 Implement an intense and systematic program of sampling, mapping, laboratory 
analyses, and reporting. 

 Utilise specialised in-pit bench sampling drills for sampling well ahead of production 
drilling and blasting. 
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 Use of excavators and benches no higher than 5 m (as presently planned) to 
selectively mine ore zones. 

 Maintain top laboratory staff, equipment, and procedures to provide accurate and 
timely assay reporting. 

 Utilise trained geologists and technicians to work with excavator operators in 
identifying, marking, and selectively mining and dispatching ore and waste. 

According to initial estimates for processing costs, metallurgical recovery, long-term selling 
price for vanadium contained in ferro vanadium, as detailed in Table 19-15 and a provision 
for ore rehandling, the marginal cutoff which defines the separation between ore and 
waste is calculated as 0.45% V2O5. 

A variable cutoff profile was applied to meet both; the plant feed capacity at 581 000 t/a 
and the ferro vanadium production at 5000 t/a, as shown in Table 19-20.  The mined ore 
with grade between the marginal cutoff, calculated as 0.45% V2O5, and the cutoff for every 
year is stockpiled for later rehandling to feed the plant and thereby defining low grade ore. 

Table 19-20 
Variable Cutoff Profile 

 
Period 
 

Cutoff for Direct Plant Feed 
(%`V2O5) 

Year 1 1.40 
Year 2 0.95 
Year 3 0.80 
Year 4 0.85 
Year 5 1.00 
Year 6 1.05 
Year 7 1.10 
Year 8 1.10 
Year 9 1.00 
Year 10 1.10 
Year 11 0.45 
Year 12 0.45 
Year 13 0.45 
  

Table 19-21 shows the mine production of ore for each mining year.  The schedule is 
based on 581 000 t/a to the processing plant.  The table also shows the total material 
movement from the mine by year, which peaks at 4.25 Mt/a during commercial production, 
aiming to maintain ferro vanadium production at or near 5000 t/a for Years 1 through 8.  
The limit on the ore production is the number of benches that it is possible to mine in a 
year in a single phase, or vertical development per phase. 

The total mined waste considers three destinations for the material, the tailings storage 
facility for the dam construction, the drainage protection dikes and the main waste storage 
area: 
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 It is been assumed that 100% of the waste material mined during the prestriping 
period will go to the Tailings Storage Facility (TSF) construction and to the drainage 
protection dikes, as requested by Largo. 

 The material to the waste storage area corresponds to the difference between the 
total mined waste from the mine production schedule and the requirement for the 
TSF and drainage dikes. 

The preproduction period requires the mining of 1.2 Mt of total material to expose 
sufficient ore to make it a reliable ore source for the start of commercial production in 
Year 1 and to provide waste material for construction purposes (tailings dam and drainage 
dikes).  The preproduction period will require approximately 12 months.  The ore mined 
during preproduction will be stockpiled in the ROM-pad area near the primary crusher to 
make up part of Year 1 ore production. 

The plant feed schedule is shown on Table 19-22.  It shows that in Year 1 the ore to the 
plant is made up of material mined during preproduction and Year 1. 

The plant feed rates for Years 1 and 2 in Table 19-22 corresponds to the estimated ramp-
up of the processing plant, provided to NCL by Largo personnel. 

Table 19-21 
 Mine Production Schedule 

 
Cutoff Mined Ore Low Grade to 

Stockpile (*) Waste TOTAL 
Period 

%V2O5 
Tonnes 
(`000) % V2O5

Tonnes 
(`000) % V2O5

Tonnes 
(`000) 

Tonnes 
(`000) 

Preprod 1.40 200 1.99 490 0.85 509 1 200 

Y01 1.40 285 1.95 566 0.82 1 495 2 347 

Y02 0.95 581 1.94 395 0.66 1 629 2 605 

Y03 0.80 581 1.94 200 0.65 1 854 2 635 

Y04 0.85 580  1.94 241 0.68 1 784 2 605 

Y05 1.00 581 1.94 338 0.73 3 220 4 139 

Y06 1.05 581 1.94 444 0.76 3 225 4 250 
Y07 1.10 581 1.94 532 0.76 3 137 4 250 

Y08 1.10 581  1.94 573 0.76 3 096 4 250 

Y09 1.00 581 1.70 569 0.70 3 099 4 250 

Y10 1.10 581 1.48 1 258 0.74 2 411 4 250 

Y11 0.45 581 1.41 - 0.00 3 317 3 898 

Y12 0.45 581 1.74 - 0.00 264 845 

Y13 0.45 581 1.51 - 0.00 65 646 

Y14 0.45 14 1.25 - 0.00 3 18 
TOTAL 7 472  1.79 5 608 0.75 29 108 42 188 
 

(*) Defined as the ore with grade between 0.45% V2O5 and the cutoff of a particular 
year. 
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Table 19-22 
 Plant Feed Schedule 

 
From Mine to 

Plant 
From Stockpile 

to Plant 
 

Total Plant Feed 
Ferro vanadium 

Production (80% V) 
 
 
Period (`000 t) % V2O5 (`000 t) % V2O5 (`000 t) % V2O5 (`000 t) 

Preprod        

Y01 285 1.95 200 1.99 485 1.96 4.23 

Y02 581 1.94 - 0.00 581 1.94 5.00 

Y03 581 1.94 - 0.00 581 1.94 5.00 

Y04 580 1.94 - 0.00 580 1.94 5.00 

Y05 581 1.94 - 0.00 581 1.94 5.00 

Y06 581 1.94 - 0.00 581 1.94 5.00 
Y07 581 1.94 - 0.00 581 1.94 5.00 
Y08 581 1.94 - 0.00 581 1.94 5.00 

Y09 581 1.70 - 0.00 581 1.70 4.39 

Y10 581 1.48 - 0.00 581 1.48 3.81 

Y11 581 1.41 - 0.00 581 1.41 3.63 

Y12 581 1.74 - 0.00 581 1.74 4.50 

Y13 581 1.51 - 0.00 581 1.51 3.89 

Y14 14 1.25 567 0.75 581 0.76 1.96 

Y15 - 0.00 581 0.75 581 0.75 1.93 

Y16 - 0.00 581 0.75 581 0.75 1.93 

Y17 - 0.00 581 0.75 581 0.75 1.93 

Y18 - 0.00 581 0.75 581 0.75 1.93 

Y19 - 0.00 581 0.75 581 0.75 1.93 

Y20 - 0.00 581 0.75 581 0.75 1.93 

Y21 - 0.00 581 0.75 581 0.75 1.93 

Y22 - 0.00 581 0.75 581 0.75 1.93 

Y23 - 0.00 393 0.75 393 0.75 1.30 

TOTAL 7 272 1.79 5 807 0.79 13 079 1.34 78.13 
 
 
FeV (80%) (`000 t) = Plant Feed (`000 t) x % V2O5 / 100 x 63.43% x (2 x 50.9415) / (2 x 50.9415 + 
5 x 16)) / 80% 

19.12.6 Mineral Reserve 

It is the opinion of NCL that the mine production schedule defines the mineral reserve for 
the mining project.  Table 19-23 reports the mineral reserve of the Maracás Vanadium 
Project based on the production schedule used for this Study. 
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Table 19-23 
 Total Mining Reserve Summary (1)(2)(3) 

 
Ore Source 
 

‘000 t
 

V2O5 
(%) 

Contained V in FeV 
(t) 

Proven Reserve 7 341 1.28 33 451 
Probable Reserve 5 738 1.42 29 050 
Total Reserve 13 079 1.34 62 502 
   
TOTAL MATERIAL 42 188 Strip ratio 2.23 
 

(1) Based on a price for contained vanadium in ferro vanadium of USD 23.08/kg. 
(2) The Mineral Reserves as set out in the table above have been estimated by Carlos Guzmán of NCL 

Brasil Ltda, who is a Qualified Person under NI 43-101 and Member of the AusIMM. 
(3) Numbers may not add up due to rounding. 
 

Comparing the proven and probable mineral reserves with the Measured and Indicated 
mineral resources, the following is noted. 

 The proven reserve of 7 341 000 t is greater than the measured resource of 
5 860 000 t (refer to Tables 19-12 and 19-23). 

 The probable reserve of 5 738 000 t is less than the Indicated mineral resource of 
11 400 000 t. 

The anomaly between the measured resource and the proven reserve is explained as 
follows. 

The mineral resource was based on the resources within a USD 3.50/lb V2O5 Whittle pit 
shell using a 0.66% V2O5 cutoff grade.  The mine planning process was based on a higher 
vanadium price of USD 5.00/lb V2O5, which equates to a cutoff grade of 0.45% V2O5.  The 
use of a lower cutoff grade for the mine planning process, as compared to that used in the 
mineral resource estimation, has the effect of increasing the tonnage available for mining; 
this was reflected in the mine plan and subsequently in the mineral reserves.  The results 
of the mine planning process are reflected in Table 19-16, entitled “Lerch-Grossman 
Optimisation Results”.  This analysis indicated that the optimum pit shell should be based 
on pit No. 6 (as referenced in Table 19-16), as larger pits resulted in a very rapid increase 
in the waste strip ratio and this was not considered to be an optimum outcome.  The 
approach taken in the final mine planning process discussed herein resulted in an open pit 
with mineable tonnes and grade very similar to previous estimates with relatively low strip 
ratios, which was considered an optimum planning result.  The mineral reserve was 
estimated based on pit No. 6 as discussed in Item 19.12.3 of this report.  Mine planning 
was based on a USD 5.00 pit shell and cutoff grade of 0.45%, because this selection 
resulted in an optimum mine production schedule and the USD 5.00 pit shell also provided 
an acceptable surface expression of the open pit that was used in the planning of drainage 
channels around the pit and other surface infrastructure considerations. 

The Measured and Indicated resources within a USD 5.00/lb V2O5 pit shell at various 
cutoffs was estimated.  The tonnage of measured resources at a grade of greater than 
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0.46% V2O5 is 7 331 006 t, which very closely relates to the proven reserve tonnage of 
7 341 000 t. 

19.12.7 Waste and Stockpiles Storage Areas 

One waste rock storage area was designed for the Maracás Vanadium Project.  The area 
available for waste storage is located northwest of the pit.  The total extent of the pile is 
690 m in the east-west direction by 700 m in the north-south direction, covering a total 
area of approximate 48 ha.  The total height is 50 m, from 300-m RL to 350-m RL.  The 
final configuration is shown on Figure 19.61. 

The pile was designed in 10-m lifts.  Each lift is constructed at the approximate angle of 
repose of 36°.  An 8-m setback between every 10-m lifts maintains the overall angle at 25° 
to facilitate reclamation and long- term stability.  A constant 30% swell factor for the 
material in the pile was used. 

The total mined waste considers four destinations for the material, the main waste storage 
area, the tailings storage facility for the dam construction, the drainage protection dikes, 
and topsoil stripping and disposal to specific stockpile location: 

 It is been considered that 100% of the waste material mined during the prestripping 
period will go to the TSF construction and to the drainage protection dikes, as 
requested by Largo. 

 The material to the waste storage area corresponds to the difference between the total 
mined waste from the mine production schedule and the requirement for the TSF and 
drainage dikes. 

The construction sequence of the main waste storage area was always considered to be 
from the bottom to the top. 
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Figure 19.61 - Final Pit and Dump Configuration 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  

 

 

 

 

 

 

 

 

 

The designed pile contains the total storage requirement of 29.1 Mt of waste material 
scheduled in the mine production plan. 
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In addition to the waste dump, stockpiles areas were designed to temporary store ore for 
later rehandling to the plant. 

 Temporary high-grade stockpile for the ore mined during the preproduction period to 
be rehandle to the plant during the first year production period. 

 Marginal ore stockpile for the material with grade between 0.45% V2O5 and the cutoff 
grade for the year.  It was divided into two piles, greater than and less than 1.0% V2O5, 
in order to have better grade control during the later rehandling of this ore beyond Year 
14. 
• Intermediate Grade Stockpile: Ore with grade higher than 1.0% V2O5 and lower than 

the cutoff of the year. 
• Low Grade Stockpile: Ore with grade between 0.45% V2O5 and 1.0% V2O5. 

Table 19-24 show the amount of material placed in each area by mining year. 

Table 19-24 
Material Allocation Table 

 
Intermediate 

Grade 
Stockpile 

(>1.0% V2O5) 

Low Grade 
Stockpile 
(0.45-1.0% 

V2O5) 

Temporary 
High Grade 
Stockpile 

Waste 
to 

Waste 
Dump 

Waste for 
Construction 
Requirement

Period ‘000 t ‘000 t ‘000 t ‘000 t ‘000 t 
Preproduction 124 367 200 0 509 

Y01 170 397 0 790 706 

Y02 0 395 0 1 449 180 

Y03 0 200 0 1 692 162 

Y04 0 241 0 1 784 0 

Y05 0 338 0 3 220 0 

Y06 41 403 0 3 225 0 

Y07 59 473 0 3 137 0 

Y08 60 513 0 3 096 0 

Y09 0 569 0 3 099 0 

Y10 153 1 105 0 2 411 0 

Y11 0 0 0 3 317 0 

Y12 0 0 0 264 0 

Y13 0 0 0 65 0 

Y14 0 0 0 3 0 
TOTAL 606 5 001 200 27 552 1 557 
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20 Other Relevant Data and Information 
20.1 Open-pit Mining 

The Maracás vanadium deposit will be mined by conventional open-pit mining methods 
involving excavation of overburden, drilling and blasting of rock, loading with hydraulic 
excavators and front-end loader and haulage utilising 32-t capacity trucks.  Ancillary 
equipment includes dozers, graders, service trucks and general equipment for support and 
maintenance. 

As mentioned in Item 19.12, the resource model developed by Largo was imported into 
Gemcom mining software using identical dimensions and coordinates.  The interim and 
final pit designs were based on selected pits resulting from the Lerch-Grossman economic 
shells. 

20.1.1 Mine Equipment Requirements 

Mine equipment requirements were calculated based on the annual mine production 
schedule, the mine work schedule, and equipment hourly production estimates. 

As a strategy for minimising initial capital expenditure in mining equipment, it was decided 
to consider a mine contractor for the preproduction period and the first 2 production years. 
From Year 3, Owner mining was considered as better economics were obtained compared 
with contractors for the full mine life. 

The Study is based on operating the mine with excavators of 3.6-m3 capacity and trucks 
with a capacity of 32 t.  This type of equipment is able to develop the productivity required 
to achieve an annual total material movement of 4.35 Mt; and also to have good mining 
selectivity with the excavators as defined by the grade control activities. 

The fleet is complemented with drilling rigs for ore and waste, as 100% of the material is 
defined as hard rock. 

Auxiliary equipment includes track dozers, wheel dozers, motor graders and water truck.  

Table 20-1 provides a summary of the peak number of units required for Year 3 and during 
the remaining years of commercial production.  Table 20-2 shows the yearly equipment 
requirement, including the stockpile reclaiming period from Year 14 to Year 23. This 
represents the equipment necessary to perform the following duties. 

(a) Mine and transport ore to the ROM-pad area - mine and transport waste material 
from the pit to the appropriate storage areas. 

(b) Maintain all the mine work areas, in-pit haul roads, and external haul roads.  Also 
maintain the waste storage areas. 

(c) Rehandle the ore (load, transport and auxiliary equipment) from the ROM pad to 
the primary crusher. 
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Table 20-1 
Peak Fleet Requirements for Year 3 and Remaining Years 

of Commercial Production 
 

Equipment Type Y03 Commercial Production 
Major Equipment   
Drill rig 4-1/2 – 6-1/2 (in) 1 1 
Hydraulic Excavator 4 - 6 yd3 1 2 
FEL 3.5 - 5 yd3 (support) 1 1 
Trucks 32 t 4 8 
Auxiliary Equipment   
Truck Dozer 300 hp (Type D8) 2 2 
Truck Dozer 175 hp (Type D6) 2 2 
Motor grader 140 hp (Type 12H) 1 1 
Water truck (30m3) 1 1 
Support Equipment   
Light excavator 1 1 
Fuel Truck 1 1 
Lube Truck 1 1 
Service Truck 1 1 
Crane Truck 1 1 
Lowboy Truck 1 1 
Tyre Manipulator 1 1 
Light Plants 6 6 
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Table 20-2 
Equipment Fleet Requirement 

 

Period Y03 Y04 Y05 Y06 Y07 Y08 Y09 Y10 Y11 Y12 Y13 Y14 Y15 Y16 Y17 Y18 Y19 Y20 Y21 Y22 Y23
Major Equipment                      
Drill rig 4-1/2 – 6-1/2 (in) 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 
Hydraulic Excavator 4 - 6 yd3 1 1 2 2 2 2 2 2 2 1 1 1 0 0 0 0 0 0 0 0 0 
FEL 3.5 - 5 yd3 (support) 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
Trucks 32 t 4 5 7 6 7 7 7 8 8 2 2 1 1 1 1 1 1 1 1 1 1 
Auxiliary Equipment                      
Truck Dozer 300 hp (Type D8) 2 2 2 2 2 2 2 2 2 2 1 1 1 1 1 1 1 1 1 1 1 
Truck Dozer 175 hp (Type D6) 2 2 2 2 2 2 2 2 2 2 1 1 1 1 1 1 1 1 1 1 1 
Motor grader 140 hp (Type 
12H) 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
Water truck (30 m3) 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
Support Equipment                      
Light Excavator 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 
Fuel Truck 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 
Lube Truck 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 
Service Truck 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 
Crane Truck 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 
Lowboy Truck 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 
Tyre Manipulator 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 
Light Plants 6 6 6 6 6 6 6 6 6 6 6 0 0 0 0 0 0 0 0 0 0 
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20.1.2 Mine Personnel 

(a) Salaried Staff 

Mine salaried staff requirements over the Project life are shown in Table 20-3.  The 
staff consists of 10 persons up to Year 2 and 11 persons during Years 3 through 
13. 

Years 14 to 23 only involves the rehandling ore from the stockpile to the primary 
crusher.  Therefore, supervision for this activity is considered to be part of the 
processing plant responsibilities. 

(b) Hourly Labour 

Mine total hourly personnel requirements are also shown in Table 20-3.  The 
maximum number of persons during commercial production is 124 in Year 10. 
Years 12 and 13 personnel requirements reduce significantly, due to the reduction 
of pit operations. 

During Year 2, about half of the operators required for Year 3, when Owner mining 
begins, will be hired for training purposes. 

From Year 14 through Year 23, the personnel requirement consists only of the 
operators required for rehandling ore from the stockpile to the primary crusher, a 
total of eight operators. 

There is no allowance for blasting personnel in the estimate.  Blasting will be 
performed by a contractor and the personnel costs are included in the price of this 
service. 
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Table 20-3 
Manpower Requirement 

  

  
Annual 

Cost (USD) 
Pre 

Prod Y01 Y02 Y03 Y04 Y05 Y06 Y07 Y08 Y09 Y10 Y11 Y12 Y13 Y14 Y15 Y16 Y17 Y18 Y19 Y20 Y21 Y22 Y23 

Salaried Staff                          

Mine Manager   105,408.00  1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 

Master Engineer   105,408.00  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Senior Engineer     63,442.29  1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 

Maintenance Engineer     63,442.29  0 0 0 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 

Senior Geologist     63,442.29  1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 

Mine Technician     33,336.00  3 3 3 3 3 3 3 3 3 3 3 3 3 2 0 0 0 0 0 0 0 0 0 0 

Operators     20,448.00  4 4 4 4 4 4 4 4 4 4 4 4 4 2 0 0 0 0 0 0 0 0 0 0 

TOTAL Salaried Staff   10 10 10 11 11 11 11 11 11 11 11 11 11 7 0 0 0 0 0 0 0 0 0 0 
Mine Operations                          

Supervisor     44,448.00  0 0 1 4 4 4 4 4 4 4 4 4 4 4 0 0 0 0 0 0 0 0 0 0 

Mine Technician     33,336.00  0 0 1 5 5 5 5 5 5 5 5 5 5 5 0 0 0 0 0 0 0 0 0 0 

Operators     20,448.00  0 0 13 50 51 66 63 65 67 68 71 70 35 28 8 8 8 8 8 8 8 8 8 8 

TOTAL Mine Operations   0 0 15 59 60 75 72 74 76 77 80 79 44 37 8 8 8 8 8 8 8 8 8 8 
Maintenance                          

Supervisor     44,448.00  0 0 1 4 4 4 4 4 4 4 4 4 4 4 0 0 0 0 0 0 0 0 0 0 

Maintenance Technician     33,336.00  0 0 2 8 8 8 8 8 8 8 8 8 8 8 0 0 0 0 0 0 0 0 0 0 

Operator     20,448.00  0 0 6 20 21 29 27 28 29 30 32 31 12 8 0 0 0 0 0 0 0 0 0 0 

TOTAL Maintenance   0 0 9 32 33 41 39 40 41 42 44 43 24 20 0 0 0 0 0 0 0 0 0 0 
Annual Cost includes Fringes Benefits                        
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20.2 Processing 

The flow sheet selected for the DFS is based on the technical reports referenced in 
Section 18.2, reference to comparable projects, ECM and Aker Solutions in-house 
expertise.  The flow sheet, which is presented in Figure 20.1, comprises three stages of 
crushing, one stage of grinding, two stages of magnetic separation, magnetic concentrate 
roasting, vanadium leaching, ammonium metavanadate (AMV) precipitation, AMV 
filtration, AMV calcining to an intermediate V2O3 product followed by smelting to produce 
ferro vanadium (FeV). 

The plant has been sized to process 581 000 t/a (at a ROM average feed grade of 1.798% 
V2O5 for the first 13 years).  The plant has an operating regime of 365 d/a, 7 d/wk, 24 h/d 
and plant utilisation of 90%, resulting in an average nominal hourly throughput of 73.7 t/h.  
The plant will produce an equivalent of 7,478 t/y V2O5, or approximately 4191 t/a of 
vanadium in ferro vanadium alloy at an estimated overall recovery of 71.6%. 

20.2.1 Process Design Criteria 

A detailed list of process design criteria used as a basis for the process equipment 
selection and sizing is included in the DFS.  Table 20-4 provides a summary of key 
process design parameters used for the process design. 

The average feed grade was based on the mine design and plan outlined in the mining 
section of this report.  The estimated recoveries were based on metallurgical testwork 
performed by SGS and other technical studies.  The total overall vanadium recovery is 
estimated to be 71.6%.  The total vanadium recovery includes unit process recoveries for 
mineral beneficiation, V2O5 concentrate calcination, leaching, AMV precipitation and 
conversion to ferro vanadium alloy. 

20.2.2 Process Description 

A simplified process flow diagram is presented in Figure 20.1. 

Crushing and Grinding 

The ore is crushed via a three-stage crushing circuit comprising a primary jaw crusher, a 
secondary cone crusher and a vibrating sizing screen.  The fine crushed product is fed to 
a 4200-m³-capacity stockpile from which it is withdrawn at a controlled rate to feed the 
grinding circuit.  The grinding mill grinds to a product size of minus 100 microns.  
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Table 20-4 
Summary of Key Process Design Criteria 

   
Criterion Units Value 
Nominal ore processing rate t/a 581 000 
Nominal production of vanadium in product (dry basis) t/a 4 000 
Average V2O5 head grade (first 13 years) % 1.798 
Ore specific gravity  4.30 
Crushing plant availability % 80 
Crushing plant operating hours h/yr 7 008 
Plant availability % 90 
Plant operating hours  h/yr 7 884 
Average plant daily ore throughput t/d 1 769 
Number of crushing stages  3 
Crusher product size (80% passing) mm 7.5 
Number of grinding stages  1 
Grind product size microns 100 
Bond ball mill work index (metric) kWh/t 12.9 
Magnetic product solids yield % 55 
V2O5 recovery to magnetic concentrate(1) % 91 
Average magnetic concentrate V2O5 content % 3.0 
Roasting reation zone residence time h 1 
Leach retention time  h 1 
Average roasting/leach V2O5 conversion(2) % 84.8 
Estimated AMV Precipitation V2O5 recovery % 97 
Estimated conversion to ferro vanadium – vanadium 
recovery 

% 95.7 

Total estimated vanadium recovery to FeV % 71.6 
Average vanadium production (first 13 years) t/a 4191 

 
(1)

Reference Table 18-5, David Tube Summary on Composites Concentrate. 
(2)

Reference Table 18-8, Average of Bulk Massive and Oxidised Leach Extraction. 
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Figure 20.1 – Conceptual Plant Layout 

 

The grinding stage design has been based on recent SGS testwork.  With the information 
available at this time, it was felt that single-stage grinding would be adequate.  However, a 
vertical type mill should also be considered for the regrinding application, if it is shown to 
be necessary at a later date. 

The specific gravity of the magnetite is significantly higher than the gangue mineralization; 
therefore, there will be a high circulating load of this heavy material within the grinding 
circuit when using traditional classifying cyclones. 

Magnetic Separation 

The vanadium is contained within the magnetite fraction of the resource.  Magnetite is 
recovered by using low intensity magnetic separators.  It is expected that these units will 
comprise a combination of low and medium intensity drum magnets.  Generally, the 
magnetic separator field strength increases through each series so as to recover the less 
magnetically susceptible particles. 

The Maracás beneficiation circuit comprises primary and secondary magnetic separation 
following the grinding.   
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Concentrate Dewatering and Tailings Disposal 

The final magnetic concentrate will be thickened and filtered.  The filter cake will be fed to 
the roasting section of the plant.  The nonmagnetic tailings fraction from the beneficiation 
plant will be thickened and pumped to the tailings storage facility. 

Roasting 

The wet magnetic concentrate filter cake, containing approximately 3.0% V2O5, will be 
roasted at high temperature (+1,250 °C) in a kiln.  In order to extract the vanadium from 
the magnetite particles, this roasting process needs to be undertaken in the presence of a 
sodium flux (sodium carbonate and/or sodium sulphate) to form a water soluble salt, 
(sodium vanadate).  The wet magnetic concentrate will be blended with the sodium salts 
prior to roasting. 

An off-gas collection system will collect any dust entrained in the gas from the roaster.  To 
meet local environmental regulation, a wet scrubber will be installed to remove SO2 gas 
generated from sulphur in the sulphate salt and fuel oil. 

In the testwork completed by SGS, both sodium carbonate and sodium sulphate were 
used as the salt reagent.  No obvious recovery differences were noticed in the results. 
Consequently, in the current plant design, recycled sodium sulphate is being used, 
together with sodium carbonate as sodium salt makeup. 

Following roasting and cooling, the calcine will be fed to the leaching process. 

Leaching 

The hot calcine, at about 400°C, will be conveyed to a regrinding mill, where it will be 
further cooled by mixing with process water.  The large lumps which formed during 
calcining will be broken down in this mill.  Vanadium salt contained in the roasted calcine 
will be leached in two agitated tanks installed in series.  The total leaching time will be 1 h. 

The leach discharge will be then filtered and washed using a vacuum belt filter.  The 
pregnant solution containing approximately 44 g/L V2O5will be pumped to a desilication 
stage, which is designed to remove soluble silica in the solution.  The leach residue will be 
removed from the leaching system and conveyed to a dedicated storage area.  The 
residue contains approximately 60% Fe and 5% TiO2.  Studies are underway to look at 
additional revenue by producing pig iron and a saleable titanium product. 

The desilication is achieved in two agitated tanks in series with the addition of aluminium 
sulphate and sulphuric acid.  The silica in the solution will be reduced from about 
200 mg/L to less than 30 mg/L.  After desilication, the solution will be pumped to a filter 
where the solids will be removed.  The filtrate, pregnant leach solution (PLS), will be 
pumped to the precipitation stage. 
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Precipitation 

The clear leach liquor will be pumped to another series of agitated tanks, where the 
vanadium is precipitated as ammonium metavanadate (AMV), with the addition of 
ammonium sulphate.  The precipitate is filtered and fed to a dryer prior to being calcined to 
produce V2O3 powder.  The barren solution, which contains sodium and ammonium 
sulphate salts, will be treated to recover sodium sulphate which is then recycled to the 
roasting stage. 

AMV Drying and V2O3 Production  

Wet AMV solids will be dried in a flash dryer.  The dried AMV will then be calcined in two 
reactors which operate in parallel. 

AMV calcining can generate two different products, vanadium pentoxide (V2O5) or 
vanadium trioxide (V2O3), depending on the calcination conditions.  If the reactor is 
operated with air flow to the reactor, the product will be V2O5.  If the reactor is operated 
under a reducing atmosphere with no air to the reactor, the product will be V2O3.  The 
current plant is designed to produce V2O3 as a feed to the ferro vanadium production. 

The V2O3 reactors are two indirect heated rotary kilns. 

The vanadium trioxide (V2O3) powder from the reactor will be cooled in a cooling screw 
before it is transferred by an air slide to the storage silo which is located in the ferro 
vanadium production area.  

Ferro Vanadium Production 

Ferro vanadium (FeV), which is an alloy of vanadium metal and iron, is typically produced 
by the conversion (aluminothermic reduction) of V2O5.  However, in the recent years, some 
existing vanadium producers have modified their process to produce FeV from V2O3.  
Producing FeV from V2O3 can reduce the aluminium requirements. The following 
simplified reactions present the aluminothermic process used to produce ferro vanadium. 

(a) 3 V2O5 + 10 Al + 6 Fe = 6 FeV + 5 Al2O3. 

(b) 3 V2O3 + 6 Al + 6 Fe = 6 FeV + 3 Al2O3. 

Lime, iron scrap and aluminium prills are also used in the production of FeV.  V2O3 
powder, as well as other raw materials, are mixed with stoichiometric amounts and fed into 
an electric furnace.  Slag, followed by metal, will be poured into a tapping mould where the 
slag and metal will separate due to their significantly different specific gravities 

Slag will be removed mechanically from the FeV block before it is placed on a minus 
200-mm grizzly where a mechanical hammer will break it down.  The metal block will be 
crushed and screened to difference size groups. 

Product storage bins will be provided, from where products are packaged into steel drums 
and transferred to the product warehouse. 
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Sodium Sulphate Production 

A crystallisation circuit has been designed to recover sodium sulphate salt from the barren 
leach liquor. 

The barren liquor, which contains ammonium sulphate, sodium sulphate plus small 
amounts of dissolved AMV and impurities, is first concentrated by evaporation to the 
solubility limit of ammonium sulphate.  This allows anhydrous sodium sulphate to be 
crystallised from the concentrated solution.  The resulting crystalline product is then 
centrifuged, dried and recycled to the roasting stage as part of sodium salt. 

The concentrated mother liquor from this process contains approximately 24% ammonium 
sulphate and 21% sodium sulphate.  Most of this process stream can be recycled to the 
AMV precipitation circuit, although some of it must be purged from the system, in order to 
prevent a buildup of impurities. 

20.2.3 Material Balance 

A conceptual material balance is presented in the Table 20-5. 
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Area
t/d t/h SG t/d SG m3/h t/h m3/h % solids SG

ROM*1 1,992 83.0 3.3 84 1.0 3.5 86.5 - 96 -
Primary crusher feed 1,512 63.0 3.3 62 1.0 2.6 65.6 - 96 -
Screen feed 6,120 255.0 3.3 254 1.0 10.6 265.6 - 96 -
Secondary crusher feed 2,184 91.0 3.3 91 1.0 3.8 94.8 - 96 -
Terciary crusher feed 1,944 81.0 3.3 82 1.0 3.4 84.4 - 96 -
Crushed product 1,992 83.0 3.3 84 1.0 3.5 86.5 - 96 -

Ball mill circuit feed 1,769 73.7 3.3 74 1.0 3.1 76.8 - 96 -
Cyclone underflow 4,421 184.2 3.3 1248 1.0 52.0 236.2 108.0 78 2.2
Ball mill feed water - - - 1087 1.0 45.3 45.3 45.0 0 1.0
Ball mill  product 6,190 257.9 3.3 2407 1.0 100.3 358.2 178.0 72 2.0
Cyclone feed 6,190 257.9 3.3 4531 1.0 188.8 446.7 267.0 58 1.7
Cyc. feed dilution water - - - 2124 1.0 88.5 88.5 89.0 0 1.0
Ball mill cyclone overflow 1,769 73.7 3.3 3286 1.0 136.9 210.6 159.0 35 1.3

Primary mag sep feed 1,769 73.7 3.3 3286 1.0 136.9 210.6 159.0 35 1.3
Mag sep dilution water - - - 530 1.0 22.1 22.1 22.0 0 1.0
Primary mag sep mags 1,152 48.0 3.4 1150 1.0 47.9 95.9 62.0 50 1.5
Primary mag sep non mags 617 25.7 3.1 2666 1.0 111.1 136.8 119.0 19 1.1
Secondary mag sep feed 1,152 48.0 3.4 2136 1.0 89.0 137.0 103.0 35 1.3
Sec. mag sep dilution water - - - 715 1.0 29.8 29.8 30.0 0 1.0
Secondary mag sep con 972 40.5 3.5 955 1.0 39.8 80.3 51.0 50 1.6
Secondary mag sep tails 180 7.5 3.3 1896 1.0 79.0 86.5 81.0 9 1.1

Concentrate 972 40.5 3.5 857 1.0 35.7 76.2 47.3 40 1.6
Thickener underflow 972 40.5 3.5 245 1.0 10.2 50.7 21.8 70 2.3
Thickener overflow - - 3.3 551 1 25.5 25.5 25.5 0 1
Filter cake*2 972 40.5 4.9 108 1 4.5 45 12.7 90 3.6
Filtrate - - - 137 1 5.7 5.7 5.7 0 1

Non magnetite tailings 797 33 3.14 599 1 27.7 62 39 55 1.6

Concentrate feed 972 40.5 4.9 108 1 4.5 45 12.7 90 3.6
Sodium carbonate 28.8 1.2 2.5 - - - 1.2 0.5 100 2.5
Sodium sulphate 1 2.5 0.24 1 0.01 1 0.4 99.9 2.5
Calciner product 1042 43.4 4.3 - - - 43.4 10 100 4.3
Calciner losses 0.05 0.002 4.5 - - -

Solids to regrinding mill 1042 43.4 4.3 - - - 43.4 10 100 4.3
Leach feed 1008 42 4.3 672 1 28 70 37.8 60 1.9
Water to leach circuit 777.6 1 32.4 32.4 32.4 0 1
Leach residue 970 40.4 4.6 170.4 1 7.1 47.4 16 85 3
Pregnant leach solution - - - 585.6 1 24.4 24.4 24.4 0 1
Dilution/wash water - - - 679.2 1 28.3 28.3 28.3 0 1

Pregnant solution feed - - - 650.4 1 27.1 27.1 27.1 - 1
Precipitation additives 19.2 0.8 1.8 0.8 0.5 100 1.8
Precipitation discharge 33.6 1.4 2.3 850.1 1.1 32.2 36.7 32.4 3.7 1.1
Dilution/wash water - - - 24.0- 1 1 1 1 0 1
Precipitate 33.6 1.4 2.3 9.6 1 0.4 1.7 1 80 1.8

Feed V2O3*
3

17.1 0.71 4.87 0.71 0.15 100 4.87
FeV Product *3 13.9 0.58 6.45 0.58 0.09 100 6.45

Note: 
1. The meassured specific gravity of ore is 4.3. It has not be reflected in the front end plant mass balance table and will be incorporated in the next stage.
2. The meassured specific gravity of ore is 4.9. It has not be reflected in the front end plant mass balance table and will be incorporated in the next stage.
3. Average hourly and daily rate. FeV production is batch operation. The plant is designed to smelt 417 tonnes of FeV per month. 

Table 20-5
Conceptual Process Material Balance

Solids Solution Total

Crushing

Grind Circuit

Magnetic Separation

Concentrate dewatering

Tailings

FeV

VANADIUM PLANT
Calciner

Leaching

Precipitation

 
 



 
 
 
 

 
I:\Proj\182100\WP\RPT\43-101 Report\REVISED MAY 2009\Item 20.doc 20-13 

 

20.3 Infrastructure 

The infrastructure requirements summarised here are based on information provided by 
ECM S.A. in their report dated July 31, 2008. 

20.3.1 Water Requirements 

A water main of about 29 km of length will be installed in order to meet the beneficiation 
plant and the metallurgical plant process water needs.  This pipeline connects the water 
intake at Rio de Contas to the plant raw water tank using two centrifugal pumps (one 
operational and one stand by).  The standby pump will be acquired later. 

The water pumped from the Rio de Contas will be primarily used by the process plant. 
Once the plant is in operation, water recovered from the water reclamation circuit will also 
be used.  The thickeners will be sized to contain the reclaimed water. 

A water treatment station, with a capacity of 8 m3/h, will be installed for potable water and 
water seal distribution.  This will meet the plant personnel consumption (restaurant, 
bathrooms and changing rooms) and the sealing demand of the pumps to be installed. 

A water demineralizing unit and a cooling tower will be installed to treat the water for 
equipment cooling. 

20.3.2 Heating 

A complete system, consisting of one fire tube boiler, with a capacity of 2600 kg/h, at an 
operational gauge of 10 kgf/cm² and temperature of 180ºC (saturated steam), burners 
operating with fuel oil B type (low sulphur grade), fuel oil storage tank, day tank, heat 
exchangers for heating the fuel oil and all the other required devices, will be designed. 

20.3.3 Compressed Air 

The compressed air plant will supply compressed air for the beneficiation and 
metallurgical plant.  It will consist of three rotary screw compressors with a capacity of 
250 m³/h (free air delivery) and gauge pressure of 7.0 kgf/cm².  There will be two 
operational and one standby compressors provided. 

The system will also include two refrigerating air dryers, air reservoirs, coalescent filters 
with condensate traps, valves and other devices. 

20.3.4 Water Storage 

The water taken from Rio de Contas will be stored in a concrete tank with a total volume of 
2800 m³.  The raw water tank will contain enough water for 12 hours of plant operation. 
This tank will also contain a permanent water reserve of 240 m³ for fire fighting purposes. 
This is in accordance with the laws of Bahia State and the National Fire Protection 
Association.  This water reserve is enough for 2 hours of fire fighting. 

A concrete tank for potable water, with a volume of 220 m³, sufficient for 24 hours of 
consumption, will be provided.  This potable water, will be supplied from the water 
treatment station and will be used as potable water and sealing water for the pumps. 
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A concrete process water tank, with designed volume of 260 m³, will be built at the 
process plant for water storage.  This tank will store recovered water from the thickeners. 
In case make-up water is needed, it will be supplied with a centrifugal pump installed at 
the raw water tank. 

20.3.5 Power Supply 

The electrical power requirements for the plant, including the beneficiation, 
hydrometallurgy and installed utilities was estimated to be about 11 MW.  In order to fulfill 
this demand, the power supply will be provided at 138 kV, 60 Hz, though a transmission 
line of 85 km of length from the Coelba’s Ibicoara Substation.  A step-down substation of 
13.8 kV will be installed at the plant.  Initially, only a power transformer of 13.8 kV 15 / 
20 MVA will be installed.  Space for a future, second power transformer installation, will be 
provided. 

The 13.8-kV power distribution system for the plant will be supplied by means of isolated 
cables or conventional aerial cable system.  Substations will be designed for meeting the 
requirements of the concentrator, hydrometallurgy plant, crushing and supporting areas. 

The power required at the water pumping intake at Rio de Contas will be supplied by a 
substation to be fed by the local supplier company at 13.8 kV. 

20.3.6 Buildings 

The operational and management buildings required for the plant operation include the 
main office / training center; kitchen / restaurant; main reception; control room; clinics / 
infirmary; bathrooms / changing rooms; laboratory. 

The architectural and constructability design of these buildings consider the climate 
characteristics, environmental comfort, ergonomics, durability, standards and codes 
suitable for a Project of this size.  The construction system consists of reinforced concrete 
structure: pillars, beams and slabs with concrete blocks masonry walls finished with mortar 
layer and painting, tiles or vinyl floor and metallic roofing. 

20.3.7 Instrumentation and Automation 

(a) Instrumentation 

All of the instrumentation, automation and communication equipment required, in 
order to assure the complete automatic functioning of the plant, will use a signal 
from 4 to 20mA, Hart protocol, intelligent CCMs connected with inverters and 
weigh feeders in Profibus DP, discreet signals for protection and field equipment 
control devices in 120 VDC, 60 Hz. 

The instrumentation inherent to the main mechanical and process equipment will 
be included as part of the initial purchase. 
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(b) Automation 

The automation concept was designed for the application of a SCADA system at 
the level of process control and electrical system supervisory. The plant 
supervisory systems comprise five micro-processed operation stations, two  
engineering  stations, three active providers, three active managers, three 
PIMS/MES providers, one PIMS station, one MES station, complete with all 
supervisory system software, CLP programming, net configuration / 
parametrization with their respective licenses, besides software licenses for 
PIMS/MES and printers. 

The plant control and supervisory system will provide for the control of all units 
from the operation stations located in the control center.  The controllers installed 
at the substation will be responsible for supplying the information from the field to 
the control and supervisory system. 

The system PIMS must integrate all systems information relating to automation and 
process (CLPs and SCADA).  The Information Management System comprises five 
communication providers and license for 10,000 points. 

Some funds were provided for engineering development of programs and 
integration of the plant supervisory systems PIMS and MES.  This included tests, 
commissioning and start up, as well as for the acquisition of special furniture for 
the control room. 

The systems suppliers will be responsible for the supply of control system 
hardware and software, and for data basis availability for PIMS. 

The process control hardware was distributed to four process areas substations. 
Each substation will have a micro-processing IHM for parametrization, relay 
configuration and electrical system local control. 

The mining maintenance worker teams will be able to utilise one electrical system 
monitoring station. 

(c) Communication 

The following communication systems were considered: fire detection, fire alarm, 
fire fighting, closed-circuit television, property security, voice on IP (VOIP), loud 
voice industrial communication, radio communication, data communication and 
data / voice through radio link system, according to the description below. 

The automatic fire detection, fire alarm and fire fighting systems were adopted, in 
order to meet Brazilian standards requirements.  They are intended to assure the 
immediate identification of occurrences that may generate fire (smoke, 
temperature variations), to inform the fire fighting personnel, the administration and 
the area workers, and to automatically start the auxiliary systems (fire fighting, 
equipments mobilization, doors unlocking, etc), in order to help with evacuation, as 
well as to fight fire. 
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The closed-circuit television system was designed to help the control room 
operator with visualization of the process information.  The process monitoring by 
the cameras allows the observation and detection of a critical situation at the 
moment it happens and the sending of an operator to the place where the problem 
is occurring, thus avoiding an undesirable plant stoppage. 

The property protection system was designed to meet the requirements for 
property protection and security, assuring the identification of people at the 
entrance reception areas, as well as to identify property invasions by strangers. 

The voice communication system (telephone IP) was based on digital technology. 
It will integrate all locations in the mine industrial area so that distance does not 
represent an obstacle to the operation and management personnel.  It is 
thoroughly independent from the corporative net, with exclusive pair of optical 
fibers. 

The loud speaker industrial communication system was provided for the integration 
of control room communication with the process areas by means of 
intercommunicators and loud speakers strategically placed for the purpose of 
communicating and locating people in the industrial areas. 

The radio communication system is intended to provide communication for the 
vehicles, operational, maintenance and field personnel, and property security. 

The data communication system was designed so to meet the specific 
characteristics and requirements for every area of use.  The data corporative net 
and communication system was based on a thoroughly opened architecture, with 
client-provider access type and high connectivity level, compatible with the 
required applications.  The data communication system was adopted, in order to 
provide the integration of the operational personnel with the corporative system 
collection and utilisation of data.  

For external communication, a telecommunication system, via radio link, directed 
to the Vanádio de Maracás Project site was adopted.  The radio link must be bi-
directional, for application of transmission point by point through digital radio, with 
capabilities of voice, data and internet transmission. 

20.3.8 Piping 

The design of the piping systems considered the following areas. 

 Area I – From raw water intake to the industrial area 

 (Raw water intake – piping route) 

 Area II – Industrial area 

 (Pipe Rack – piping route) 

 Area III – From industrial area to the tailings dam 

 (Tailings disposal system – piping route). 
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(a) Raw Water Intake System 

The raw water intake pipe system consists of 8-in. STD carbon steel pipes welded 
and supported by a pipe way, which is a structure of reinforced concrete beams 
along the road that links Porto Alegre city to the beneficiation plant. 

The water intake floating platform, including piping materials and supports, will be 
supplied by third parties. 

(b) Industrial Area 

The piping that links the industrial area to the concentration plant and the 
metallurgy plant feed will be supported by pipe rack. 

(c) Tailings Disposal System 

The discharge points at the tailings dam will be confirmed during the development 
of the tailings dam. 

The tailings pipeline, with diameter of 4-in. SCH-80, will be flanged and supported 
by reinforced concrete beams along the way to the dam. 

The water recovery from the tailings dam is not being considered at this phase of 
the Project. 

20.3.9 Roads 

The site roads developed at this time consider all industrial area, from the main reception 
to the primary crushing at the beneficiation plant. 

In addition, some studies were developed for improvements to the county road, with a 
length of about 42 km, suggesting the best traffic conditions between the BA-026 crossing, 
the Vanádio de Maracás Project area and Porto Alegre city.  The design premises and 
criteria are described below. 

(a) Part 1 - Road between BA-026 – Vanádio de Maracás Project headquarters 

ECM recommends that the following conditions be considered. 

 The provision of a road-side lane, in order to provide a minimum width for car 
traffic during the Project implementation. 

 The straightening of the electrical lines that interferred on the road-side lane. 

 The existing geometrical characteristics, vertical and horizontal, must be kept, 
in order to provide the minimum width of 7.00 m for the road, plus 2.00 m for 
the superficial draining system, resulting in a lane having a width of 9.00 m. 
This width, including the side road lane that will be straightened, will provide 
access for the vehicles that will transport all of the materials and equipment 
during the Project implantation. 
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 These criteria must be observed mainly at the following points: 

• Stake 630 (km 12.6): electricity post 
• Stake 675 (km 13.5): dam 
• Stake 820 (km 16.4): dam 
• Stake 835 (km 16.7): house. 

 The local draining system will be improved (low points), in order to meet 
minimum traffic conditions, thereby avoiding interruptions to the works during 
the rainy season. 

 The existing paving must meet traffic requirements during the Project 
construction.  The paving must be repaired, in order to reduce damage caused 
by the planned traffic volumes and loads. 

 The road signs must be installed as per designed, in order to maintain the 
safety conditions required for the traffic in this portion of the road. 

 The supplementary works listed must be constructed according to all property 
fences, obstacles for animals and country gates must be built within the limits 
rectified. 

 The road between the BA-026 crossing and the Vanádio de Maracás 
headquarters, with a length of 19 120 km, must follow all the recommendations 
noted. 

 The costs for land acquisitions necessary for the road side lane rectification 
were not included in the service items required for the access road to the site. 

(b) Part 2  - Road between Vanádio de Maracás Project headquarters – Porto Alegre 
city 

According to Largo’s instructions, this road does not require any changes.  No 
earthworks, vegetation, draining, paving, signings, nor supplementary works are 
required.  The original geometric shape and all other existent conditions must be 
maintained as is. 

(c) Part 3  - Access road to the mine 

The road between Part 1 (km 19) and the access road to the beneficiation plant 
and the mine, with a length of 2.305 km, will remain as it is. 

The costs for real estate acquisitions, required for the road side lane rectification, 
were not included in the service items required for the access road to the mine. 

20.3.10 Plant Layout 

The plant layout optimisation studies requested by Largo considered the best use of the 
industrial area.  This included the minimum earthwork for the cut and fill requirements and 
the least interferences with the existing local draining system. 

The draining system was designed considering the good use of natural contours, built by 
excavation of protection spillage channels around the plateaus, and trapezoid-shaped 
concrete channels cast in place. 
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The estimation for the engineering road services and the industrial area services are 
described in the documents  ECM 511-01-0010-N-B01-0001-rev01 – Relatório de Projeto 
de Engenharia Rodoviária and ECM 511-01-0000-N-B05-0001-rev01 – Estimativa de 
Quantitativos de Infra-Estrutura – Geral. 

20.4 Environmental and Social Aspects 

20.4.1 Environmental Conditions 

The environmental conditions and social aspects summarised here are based on 
information provided by Brandt Meio Ambiente Ltda dated May 2008. 

20.4.2 Climate and Physiography 

The local climate has two distinct seasons, the rainy season (hot and humid) from October 
to March, and the dry season from April to September.  This climate is characteristic of 
much of the interior of the state of Bahai.  The average daytime temperatures in the 
Project area do not go beyond 22.3ºC.  The months of May to August are the most 
representative ones for winter conditions, at which time the average temperatures can 
reach 18ºC. 

Rainfall in the Project area ranges from 480 mm at the Porto Alegre gauge to 630 mm at 
the Alagadico gauge.  There is rainfall every month of the year, and the driest period goes 
from May to September, when the monthly precipitation is below 20 mm. 

The Project is located in the middle branch of the Jasaré River, about 3-km west of the 
western border of the Maracás plateau, in a region of very flat terrain with maximum 
differences of 25 to 30 m.  The altitude in the area is seldom greater than 400 m, average 
310 to 340 m.  The Jacaré River valley constitutes a long north-south depression with an 
average width of 10 km and a length of approximately 70 km. 

The surrounding terrain is typical ranch / farm land with low trees and shrubs, and 
relatively-flat platform adjacent to a series of creeks and ponds.  The property is bounded 
to the east by a steep cliff that rises 300 m to an area of higher land where the town of 
Maracás is located. 

20.4.3 Water Resources 

The de Contas river basin, where the Project is located, has an elongated shape with 
water flow from west to east and a length of 400 km and average width of 185 km.  The de 
Contas water basin is divided into 10 subbasins for water resource planning and 
management purposes.  The Project is located in the country of Maracás in the Sincorá 
subbasin. 

The Sincorá River is a perennial river throughout its course, although most of its tributaries 
are intermittent during most periods of the year.  For this reason, the Sincorá shows large 
variations throughout the water basin.  At the river flow gauging station of Jequire, the 26-
yr average is 25 m3/s, while at the Ubaitaba Station (closer to the delta), the flow is 
99 m3/s.  The main left side tributaries are the Ourives, Sincorá de Santana, Jacaré and 
Caldeiras rivers. 



 
 
 
 

 
I:\Proj\182100\WP\RPT\43-101 Report\REVISED MAY 2009\Item 20.doc 20-20 

The Jacaré River is located 4-km downstream from the Gulcari-A deposit at the spot 
where it receives the flow from the João River, which will be dammed for the construction 
of the tailings dam.  The Jacaré River and its tributaries are intermittent watercourses. 

Surface water quality monitoring was divided into two groups.  One group involves two 
monitoring stations at the João River (upstream and downstream from the area of the 
future tailings dam) and two monitoring stations at the Jacaré River (upstream and 
downstream from the confluence with the João River).  The other group encompassed the 
two monitoring stations located at the de Contras River (upstream and downstream from 
the confluence with the João River).  It should be noted that this area is under a water 
deficit, whereby the surface waterbodies are, most of the time, dry. 

Generally speaking, all the monitoring stations presented pH values slightly above neutral. 
The dissolved oxygen (DO) concentrations were in compliance with the recommended 
standards in every monitored point.  At most of the monitoring points, the majority of 
metals was not detected, particularly heavy metals.  However, aluminium was detected in 
every monitoring station, at levels above the legal standard.  Its presence can be 
attributed to the geology and soil composition of the region.  All of the monitoring points 
showed concentrations of total phosphorous as well. 

The main differences between Group 1 and Group 2 results are concerned with 
concentration of suspended and dissolved solids and turbidity. 

Conclusive statements about the water quantity of the region will only be possible when 
more results are made available. 

The results of the groundwater monitoring campaign carried out by Brandt Meio Ambiente 
in March 2008 were in compliance with the standards set forth by the CONAMA Norm 
396/2008. 

20.4.4 Flora Characterisation 

The area of influence of the Project Vanádio de Maracás shows large portions of land 
covered with natural vegetation and pasture, so that these two landscapes are the most 
common ones in the region.  The natural vegetation is well preserved, but there are areas 
with secondary vegetation and areas where vegetation was cut down to pasture planting. 

Along the road BA-026 through Porto Alegre, there are many small communities and the 
vegetation is deeply modified.  In the vicinity of the Porto Alegre district, there are irrigated 
plantations, with a complete alteration of the natural landscape and large areas used to 
grow beans, mandioca, watermelons, mangos, and so on. 

The preserved vegetation was classified by MMA (2006) as Forest Steppe Savannah and 
Arboreous Steppe Savannah.  The portions that were subject to human pressure were 
classified as Forest Steppe Savannah/Agriculture and Arboreous Steppe 
Savannah/Agriculture. 
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(a) Forest Steppe Savannah 

Forest steppe savannah is a subtype of vegetation characterised by 5- to 20-m tall 
trees, averaging 5 m (exceptionally, trees taller than 7 m are found), moderately 
dense, with thick stem and numerous branches, usually with thorns and with total 
deciduousness in the unfavorable period.  It corresponds to the Arboreous 
Caating, according to Carvalho e Júnior (2005). 

The main species that contribute to the forest characteristic of this vegetation are 
the Aspidosperma pirifolium, Myracrodruon urundeuva, Schinopsis brasiliensis, 
Commiphora leptophloeos, and Pseudobombax simplicifolium, usually taller than 
10 m.  The species Spondias tuberosa, Maytenus rígida, Capparis yco and 
Jatropha ribifolia contribute to the density of the formation, with average heights of 
up to 5 m.  The insolation at the ground level is only 5% at some preserved areas, 
during the rainy season, indicating the density of this formation. 

This type of vegetation usually occurs in the river sides, even if the rivers are 
partially or totally dry during most of the year.  The deep soils and the higher 
relative humidity enables the growth of this vegetation type. 

(b) Arboreous Steppe Savannah 

This subtype of vegetation shows almost the exact same floristic characteristics as 
the previous type of vegetation, however, the individuals of this type are shorter, so 
there is more ground-level insolation.  It corresponds to the Arboreous-bushy 
Caatinga, according to Carvalho e Júnior (2005). 

The shorter individuals that occur in this type of vegetation can be categorised as 
bushy-arboreous and bushy.  There is a change in the prevailing species, with the 
smaller ones being more frequent, including Mimosa spp e de Spondias tuberosa, 
Maytenus rígida, Capparis yco and Jatropha ribifolia, besides Sideroxylon 
obtusifolium and various individuals from the malvaceae family, resulting in a 
denser herbaceous strata than before.  Nevertheless, there are also arboreous 
individuals, more spread out, as well as individuals from the Bromeliaceae and 
Cactaceae families, reaching 10% to 60% cover in some portions. 

This type of vegetation is found in areas farther away from the rivers, with more 
compact soils and low humidity.  It is much rarer than the forest version, or even 
the secondary “encapoeirada” type. 

(c) Recovering Steppe Savannah 

Its characteristics derive from the absence of a variety of species, with the plants 
being more spaced out.  Arboreous or bushy individuals from the two previous 
formations can occur (2- to 7-m tall, in general).  Due to past exploration, their 
branches are not so numerous or dense.  The ground-level insolation can reach 
more the 40% in some areas. 

The management and use of the soil is the main factor that shapes this type of 
formation, since man-made fires are frequently seen, with the purpose of “cleaning” 
the land for pastures and agriculture and originating a new vegetation cover, at a 
secondary stage of ecological evolution. 
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(d) Antropized Vegetation 

It is characterised by various types of clean pastures or bushy-arboreous 
vegetation cover.  In this case, the denomination is dirty pasture and if left without 
management, they can evolve to recovering vegetation. 

In any of these pastures, exotic grass is introduced, normally: Aristida setifolia 
(capim-panasco), Bracchiaria decumbens (braquiária) and Cenchrus ciliaris 
(capim-bufel).  The annual herb Estilosantes (Styloranthes humiles) and the 
algodãozinho de seda (Calotropis procera) can be cited as an intrusive vegetation, 
more associated with perturbation of the natural vegetation than with the 
management of pastures. 

The management of these pastures is mainly done for cattle and to a lesser extent 
for caprines.  The latter is more related to the presence of communities.  The cattle 
raising activity requires larger areas and an abrupt alteration of the natural 
environment, with continuous suppression of natural vegetation and its substitution 
by exotic grass species.  This alteration normally occurs in adjacent areas, with 
large extensions.  Caprine raising is less frequent and does not require the 
continuous removal of natural vegetation, although it is as impacting as cattle 
raising, since in the medium / long range, the species recovery no longer takes 
place.  This happens simultaneously with the colonisation of the areas perturbed 
by exotic arboreous and grass species.  However, in the area of interest, caprine 
raising occurs only close to the houses of the community. 

The local residents use the land to plant and to raise cattle and caprines.  The 
plant they use to clean the area is the Cactaceae, called palmatória ou, Palma 
(Opuntia palmadora, Cactaceae), which is eaten and as a water source for cattle 
during the dry season. 

The soil poverty and the lack of regular rainfall keep the agriculture from 
developing satisfactorily.  At Porto Alegre, the original Caatinga vegetation was 
replaced to a large extent by small plantations, where the population uses the 
water from the de Contas river for irrigation. 

(e) Forest Inventory 

The forest inventory carried out by Brandt in 2008 showed 141 vegetation species, 
with 111 being identified until the species level (78.7%), 13 until the genus level 
(9.2%), 10 species remained to conferatum (cf.) and 7 species were not identified. 
The reason for the nonidentification were the absence of reproductive material, 
available literature or available herbarium material for comparison.  There is one 
species that could not be identified event to the family level, because appropriate 
sampling was not possible. 

The most representative family was Fabaceae (20.57%), followed by Cactaceae 
(8.51%), Malvaceae and Euphorbiaceae (6.4%).  These four families encompass 
roughly 41.9% of the species.  The remaining species are distributed in 39 other 
families, with a total of 43 botanical families. 
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The utilisation of region’s native species as a source of natural remedies, food and 
water sources when the dry season becomes too intense is widely known among 
the local residents.  The skin and leaves of trees like the pau-ferro (Caesalpinia 
férrea) and the quixabeira (Bumelia sartorum) are used to produce tea against 
rheumatism and diabetes.  The fruit from the icó (Capparis yco) and from the 
umbuzeiro (Spondias tuberosa) are part of the diet of the local population, with the 
latter forming underground tubercles that are used to quench the thirst during 
harsh dry periods. 

Based on the official list of endangered flora, from the IBAMA Norm N. 37, from 
April 3, 1992, the following species are considered vulnerable: aroeira 
(Myracroduon urundeuva), braúna (Schinopsis brasiliensis), Sete cascas 
(Astronium fraxinifolium) and umburana (Amburana cearensis. 

The species that are catetorised as rare, in the area of interest, are those with a 
density smaller than one individual per hectare, according to the methodology 
proposed by Kageyama e Gandara (1993).  These species should also be the 
targets of environmental management actions for conservation.  For instance, in a 
program for enrichment of the vegetation cover in the Project’s area, priority should 
be given to these species, as means to keep the floristic biodiversity equilibrium.  
In the Project’s area of direct influence, several species were identified and fit in 
the rare category: Sete Cascas (Astronium fraxinifolium), Cansanção (Cnidoscolus 
pubescens), Pau de Colher (Jacaranda cuspidifolia), Açoita Cavalo (Luehea 
paniculata), Buranhém (Mimosa tenuiflora), Borracha, Pau de Curral, Pinheiro 
Roxo (Não identificadas), Casca Fina (Patagonula bahiensis) and Araçá (Psidium 
rufum). 

20.4.5 Fauna Characterisation 

The fauna characterisation was based on qualitative species survey of the various 
vertebrate groups throughout the Project’s area of direct and indirect influence.  The 
survey was carried out in the beginning of 2008, through field surveys, interviews with 
local residents and specialised literature.  The latter was also used to obtain information 
on geographical distribution, habitat and behavior.  The interviews helped in the 
recognition of the species that were difficult to identify in loco. 

During the field survey, the entire area of direct influence (ADI) and area of indirect 
influence (AII) were covered aiming at identifying wild fauna species, which are present in 
the region. 

For the mastofauna survey, direct observations were made through the method of linear 
transects, walking along existing trails in search of animals or traces such as animal 
tracks, fur, feces or dead animals.  The animals were identified according to the 
references Cabrera, 1961; Silva, 1994; Emmons, 1997. 

The same method (linear transects) was used for the avifauna survey, but with the help of 
binoculars.  The AID and AII were searched, along the existing trails, with the purpose of 
finding individuals, nests, dead animals or vocalisations.  The guide for field surveys by 
Souza, 2004 was used, as well as specialised literature (Sic, 1997). 
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The survey of herpetofauna, reptiles and amphibian was conducted directly at the ponds, 
waterbodies, fallen logs, hollow trees and shadows.  The methodology used for 
identification was recommended by Peters & Orejas Miranda, 1971; Marques et al., 2001; 
Campbell & Lamar, 2004; and Kwet & Dibernardo, 1999. 

(a) Mastofauna 

The mammals are capable of occupying a large variety of habitats.  There is not a 
significant number of big animals in the region of the Project Vanádio de Maracás, 
but there are numerous small-sized species, such as bats and rodents. The 
majority of the mammals have lonesome behavior, being more active after sunset.  
Besides that, they also escape at the slightest sign of danger, consequently, they 
seldomly observed out in nature. 

The region is home to a diversified mastofauna, including species ranging from 
small mammals (rodents) to large-sized animals.  Many mammals have cinegetic 
value, hence being threatened by hunters.  Around 19:00, footprints of a Puma 
concolor (sussuarana) were observed in the region.  This is a large-sized mammal 
that has its largest habitat in the Project’s region.  In the Project’s region, 47 
species were identified, which belong to 19 families. 

From the mammals that have economical value, due to their consumption as food 
by the local residents, the following stand out: armadillos (Dasypodidae), preás 
(Caviidae), mocó (Caviidae), agoutis (Dasyproctidae) and tapetis (Leporidae). 

According to the Offical List of Brazilian Fauna Threatened by Extinction (MMA - 
Instrução Normativa, no 3, de 27/05/03), the Brazilian three-banded armadillo 
(Tolypeutes tricinctus) is categorised as threatened.  The following species are 
classified as vulnerable: giant anteater (Myrmecophaga tridactyla), ocelot 
(Leopardus pardalis), little spotted cat (Leopardus tigrinus) e a cougar (Puma 
concolor). 

(b) Avifauna 

The avifauna was the most representative group during the field survey and it was 
connected to various aspects of the area’s vegetation.  Birds are considered 
imperative in any ecosystem, due to the fact that they combat plagues, contribute 
with flower polinisation, seed spreading, in the control of rodent and venomous 
animals, collecting and recycling biological wastes and as a bioindicator of 
environmental conditions. 

In the caating biome, based on Silva et al.. (2004), there are 510 bird species. 
Pacheco and Bauer (2004) listed 340 species.  The considerable difference in the 
results from the two authors is due to the criteria used in data collection.  Silva et 
al. (2004) included in his list species that occur in other vegetation types within the 
caatinga biome. 
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Limiting the scope of analysis only to the caatinga of the State of Bahia, Fiúza 
(1999) listed 283 species and Lima (2004) found roughly 280 species.  The studies 
carried out in the region of Porto Alegre, in the county of Maracás (in the Project’s 
area of influence), considered the species that live in the region all year-round and 
the ones that visit the area seasonally or temporarily.  Thus, the number of bird 
species found is 247, they are distributed through 51 zoological families (according 
to CBRO, 2005). 

There is a large diversity of species in the area, since it has 88.2% of all species 
found in the entire State of Bahia.  However, this diversity is not uncommon, 
because the region shows good conservation of natural resources.  The aquatic 
birds, which use the region’s ponds, lakes and rivers for various purposes, help 
explain this diversity.  In this sense, it is worth noting that the northeastern region 
of Brazil, where there are large waterbodies, is of crucial importance to the survival 
of many caatinga species, with particular emphasis on migratory ones. 

The families with the largest number of individuals (above 4% species / family) 
were: Tyranidae (20 species), Emberezidae (19 species), Thraupidae (16), 
Furnairdae (15), Thamnophilidae (14) and Trochilidae (11).  These six families 
encompass 38.3% of all species observed. 

The consumption of wild avifauna as food and its raising as a pet are common in 
many regions of Bahia.  This situation applies to the county of Maracás, as well. 
This happens in small towns because of the larger number of such animals or due 
to the lack of effective governmental inspection.  This tradition threatens numerous 
species, mainly when these species are associated with illegal wildlife traffic, 
including xerimbabos and cinegetic species.  The tinamidae family (quails, 
partridges and tinamous) and the columbidae family (doves and pigeons) are 
frequently sought as food in the region.  The main ornamental birds are the melro 
(Icberidae), galo-de-campina (Fringillidae), canário-da-terra (Fringillidae), caatinga 
parakeet (Psittacidae), maitaca (Pittaicidae), among others. 

Based on the Official List of Brazilian Fauna Threatened by Extinction (MMA - 
Instrução Normativa, No 3, de 27/05/03), none of the species is categorised as 
threatened. 

(c) Herpetofauna 

Though the caatinga reptiles are considered well surveyed (Vanzolini et al., 1980), 
unexpected findings suggest that little is known about the patterns, which govern 
their evolution and differentiation (Rodrigues, 2005).  This group is evenly 
distributed throughout the caatinga, with the only absentees being the crocodilians. 

From the amphibians, the anures are the most diversified and know group (Hadda, 
1998).  Some of them, like the Gymnophionas, due to their criptobiotic habits 
(inhabit excavated underground galleries), are poorly known in every aspect, 
including biodiversity (Haddad, 1998).  The remaining species, on the other hand, 
are widely known, such as frogs, treefrogs and toads.  The majority of the anures 
show insectivorous feeding habits, and is, thus, considered to control plagues.  
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They are excellent bioindicators, because they are sensitive to environmental 
changes.  Some species find shelter during the dry season in the voids of rocks 
and bushes or just burry themselves.  During the rainy season, they are found in 
rivers and ponds.  Many species are being studied for biochemical and 
pharmacological purposes, in order to isolate substances with possible medicinal 
applications. 

The reptile fauna of the region was very rich.  During the field survey, the following 
groups were registered (seen or mentioned during interviews): chelonidae, 
serpentes and amphisbeanidae. 

The venomous fauna of the region shows ample distribution in every biome, except 
for the jararaca-da-caatinga (Bothrops erythromelas), which is restricted to the 
caatinga.  Among the species that stand out, there is the tropical rattlesnake 
(Crotalus durissus), jararaca (Bothrops jararaca), Jaracussu (Bothrops 
erythromelas), cobra-patrona (Bothrops sp.) and coral snake (Micrurus sp.). 

In this group, the species that are more susceptible to human activities are the 
snakes and lizards that live in forested environments, mainly the small ones and 
the ones adapted to the microclimate.  These species are usually incapable of 
enduring the high temperatures of the open fields.  Hence, the maintenance of the 
remaining forested environments is an essential condition for the survival of these 
communities.  A total of 19 species, distributed in 9 families, were registered. 

The lizards are known as frugivorous reptiles.  They play an important role in the 
spreading of seeds.  Evidence is slowly mounting that they can be important 
mutualists in many tropical and temperate regions (Iverson 1985; Whitaker 1987; 
Losos & Greene 1988; Traveset 1990, 1995; Valido & Nogales 1994; Moll & 
Jansen 1995; Castilla 2000; Olesen & Valido 2003). 

With respect to the amphibians, 12 species were found in the following families: 
Bufonidae, Leptodactylidae, Hylidae e Microhylidae (Quadro B-listanfíbios).  These 
are mainly found in ponds, wells and streams; but larger amphibians can be found 
farther away from water resources and drier areas.  Among the latter, the following 
can be cited: toads (Bufo crucifer) and treefrogs (Hyla spp.).  In more humid areas, 
the rãs (Leptodactylus spp.) and the black frogs (Ololygoe spp.) can be found. 

The red-tailed boa (Boa constictor), rainbow boa (Epicrates cenchria), Argentine 
tegu (Tupinambis teguixin e Tupinambis meriane) and the tuberculate toad-headed 
turtle (Phrynoes tuberculatus e Geochelone carbonaria) are considered the main 
cinegetic species in the region. However, they do not have the same cinegetic 
value as the mammals, thus they are only occasionally hunted or captured. 

The snakes of epidemiological importance, which occur in the region, include: 
tropical rattlesnake (Crotalus durissus), jararaca-vermelha (Bothrops 
erythromelas), jararaca (Bothrops sp) and the coral snake (Micrurus sp).  All of 
them are capable of causing accidents, which, if not properly treated, can lead to 
death or irreversible damage.  The occurrence of accidents involving snakes is a 
common aspect of rural communities, where agriculture and pasture are the main 
labor activities.  Especially because, in these communities, no safety guideline is 
observed or individual protection equipment is used. 
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20.4.6 Social and Economic Characteristics 

The objective of the social and economic assessment was to present and characterise the 
various aspects of the social and economic structure of the area where the Project 
Vanádio de Maracás will be located.  These aspects tend to be modified and reorganised 
during the installation and operation phases of the Project. 

Although the county of Maracás will be privileged with regards to the Project, since it will 
be where the Project will be located, the Project benefits extend beyond that county.  The 
very changes in Maracás related to economic structure, job opportunities, taxes, income of 
families and companies and distribution of work force, among others, will result in new 
relationships between this county and its microregional neighbors. 

Therefore, the assessment conducted for the environmental study was based on a 
systemic approach, involving the integration of 25 counties, which make up the 
microregion that will be affected by the Project.  However, the present assessment will 
emphasize the Maracás county and the area of direct influence of the Project. 

The social and economic assessment presented here is based on interviews with local 
residents through March 2008 (primary data) and on secondary data obtained from the 
regional authorities. 

(a) Populations Dynamics 

The evolution of the population of the counties included in the Maracás’ 
microregion encompassed the last four decades, with the purpose of portraying a 
broad view of the demographic processes experienced by the 25 counties and 
identifying the existing trends.  Generally speaking, the urban population showed 
larger growth rates, changing the distribution of the population, but the majority of 
the counties still has a rural profile. 

In the 1991 to 2000 period, the average annual population growth rate of the 
27 counties remained positive (1.62%), resulting in a population growth from 
509,378 to 532,409.  The urban population of all the counties also grew from 
276,868 to 325,905, with Maracás showing the largest annual urban population 
growth rate (4.75%).  Nevertheless, only nine counties (33.3% of the counties) had 
predominantly urban populations.  The remaining 18 counties were still rural. 

In that period, the average annual population growth rate in Maracás was 1.73%. 
This county, which in 1991 still showed a predominantly rural population (44.91% 
urbanisation rate), in 2000, was considered an urban county, with 58.44% of its 
population in cities. 

In 2007, the population of Maracás was the third largest of all the counties studied, 
being smaller than Jequié and Jaguaquara.  Its 2000 to 2007 average annual 
population growth rate was 1.11%.  It is noteworthy that the, in the same period, 
the average annual population growth rate of the region’s main county, Jequié, fell 
0.12%. 
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(b) Employment Structure and Unemployment Rate 

In Brazil, the service sector employs the largest number of economically-active 
people.  In Bahia, the relative importance of the different economic sectors is 
similar to the national situation: 29.4% of employment in agriculture and grazing; 
56.2% in services; and 14.4% in industry.  The 27 counties, subject to the study, 
show similar distribution of economic activities: service sector, followed by the 
agriculture and grazing sector and the industrial sector. 

In the Maracás county, the largest share of workers are found in the agriculture 
and grazing sector (45.7%), while the industrial sector provides 11.6% of the 
county’s employment. 

In general, the unemployment rate of the microregion of concern shows a 
considerable variability (3.92% to 24.94%).  Maracás is among the counties with 
the largest unemployment rates in the region - 19.41% in 2000 - its rate is above 
the Bahia’s and Brazil’s average. 

In the county of Maracás, the share of the population that is younger then 29 years 
is 62.56%, being slightly above the region’s average; and the older than 60 years 
portion is smaller than the region’s average, 8.92% as opposed to 10%. The 
county is faced with the challenge of providing its predominantly young population 
with education, leisure and work opportunities.  The demand for these 
opportunities tends to grow in the short range. 

The comparison of the literate population in the microregional area of influence of 
the Project from 1991 to 2000 reveals a significant increase in literacy rates. 

In Maracás in 1991, the literacy rate of the population between 5 and 9 years was 
16.9%.  In 2000, this figure grew to 44.4%.  Between 10 an 14 years, 54.8% of the 
people were literate in 1991 and this rate increased to 91.6% in 2000.  The growth 
in literacy rates was observed in every age portion in Maracás, even among the 
oldest people.  In 1991, the number people with 50 or more years that were literate 
was only 25.4% and this rate grew to 37.3% in 2000. 

(c) Economic Aspects 

In 1991, the average income at Maracás was R$62.10 (eighth place in the region). 
From 1991 to 2000, the county showed the smallest income growth rate in the 
region (18.4%), which caused it to occupy position 21 in 2000.  This was a result of 
its income growth rate being considerably lower than that of other counties and, in 
2000, its average per capita income was only R$73.50. 

The Gini index or coefficient is a measure of the income concentration and varies 
from 0 to 1.  The closer it is to 1, the worse the income distribution is (income is 
more concentrated).  If the value is closer to 0, the income is more evenly 
distributed through the population. 

In 1991, the best income distribution of all the counties in the microregion was 
measured in Maracás (0.44).  From 1991 to 2000, the incomed distribution in the 
counties followed different paths, but in most of them, there was more income 
concentration.  In 2000, Maracás still showed one of the best income distributions 
of the microregion, with 0.5. 
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The economic activities of the counties of the microregion are highly concentrated 
in the county of Jequié.  Of all the goods produced in the region, Jequié alone is 
responsible for 45.24%.  That means almost half of all the economic activity of the 
entire region is limited to one county, so this one county tends to exert a strong 
attractive force over the others. 

Generally speaking, the service sector is the main source of income for the 
counties in the Project’s area of influence.  However, the economical results of 
agriculture and grazing activities are significant as well.  Maracás represents 
3.95% of all income generated in the region, being the fifth county. 

As far as per capita gross internal product is concerned, Jequié remains in front of 
all the others by far, with a value of R$7,091.48.  It is important to emphasize that 
this value is greater than the State value of R$6,582.00.  Maracás per capita gross 
internal product (R$2,318.45) is the nineth largest of the microregion.  The smallest 
one of all the 27 counties is the Iramaia’s, with R$1,785.93. 

(d) Land Use and Occupation 

The study of the land uses and occupation focused on the communities around the 
Project site and on the capital of the Maracás county, including aspects like public 
services infrastructure, land management degree and dependence of the local 
residents on natural resources, particularly water resources, given the fact that this 
is a semiarid region with water scarcity. 

The ultimate goal was to provide an adequate view of the area where the effects of 
the Project Vanádio de Maracás will be greatest.  In this sense, the methodology of 
biotope mapping was used to allow for a better identification of the possible 
interactions that might occur in that area.  This mapping covered the whole 
Project’s directly affected area (DAA), which corresponds to the areas where the 
following facilities will be located: pits, waste rock and ore piles, tailings dam, 
processing units and all other operational and administrative support units. 

(e) Rural Properties 

In the Project’s DAA, there are four large rural properties, averaging more than 
2400 ha, where extensive and semi-extensive cattle raising activities are carried 
out, which require large pasture areas and small bushes.  As secondary activities, 
the household agriculture and traditional cheese production can be cited.  Besides 
these four properties, three other smaller properties exist in the area.  Only one of 
the proprietors resides there and takes care of the land.  In the other properties, 
the landowners visit the properties regularly, but they are run by a limited number 
of employees.  The temporary employment is common in the region. 

The cattle are sold in the region of Maracás and Jequié, or even in Feira de 
Santana and Salvador.  The number of cattle traded ranges between 150 and 830 
per year, per property.  Supplementary activities include the eventual planting of 
fruits (with negative results lately), cheese and sweets production, which are 
traded on a local scale. 
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The main facilities of these farms show good construction standards, including 
brick walls.  The construction standard for the houses of the workers is regular - 
bad, but most of them have electric power supply.  Water is supplied through 
rainwater collection and water trucks.  The people that can afford it, consume 
mineral water.  It is interesting to mention that there are only a few houses and 
they are far from each other, due to the size of the properties. 

The temporary rural workers live in the nearby villages.  Most of these villages are 
found along the main road that connects the highway BA-030 (at the community of 
Pé da Serra) to the village of Porto Alegre. 

The facilities that exist in the largest properties include barns and warehouses. 
Most of these facilities are well built and are apparently sized adequately to the 
property’s production. 

(f) Villages Around The Project 

Around the Project’s area, there are nine villages: Pé de Serra, Água Branca, 
Antônio Caetano, Braga, Caldeirãozinho, Jacaré, Lagoa Comprida, Pindobeiras 
and Porto Alegre. The majority of these villages have a small number of houses - 7 
to 23 households.  The exceptions are Pé de Serra and Porto Alegre, which have 
approximately 220 houses.  Most of the houses show humble construction 
standards, with brick walls and clay.  A few of the houses were built in the 1950s. It 
is common to see backyards with small plantations and animals, which are for their 
own consumption.  These villages grew along a main axis, so the houses are 
relatively close to one another.  The public services are modest, with some villages 
having schools, health clinics and small commercial centers. 

Out of the nine villages, only Jacaré does not have electric power supply.  Only 
Porto Alegre show same paved roads.  The water is obtained from wells, water 
trucks and rainwater that is collected from rooftops.  In the case of Porto Alegre, 
the water is withdrawn from the de Contas River, which is dammed downstream 
from the community. 

None of the villages have wastewater collection systems, so excavated pits are 
used.  The sanitary facilities are not well built.  Most of the houses do not have 
their own toilets.  Porto Alegre is the village that shows the best sanitary 
conditions. 

The residents of these villages have, as main economic activity, the jobs in farms, 
working with cattle.  In Porto Alegre, there is also irrigated production of fruits and 
vegetables. 
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(g) Quilombola and Indian Communities 

Throughout the Project’s area of influence, made up of the 27 counties, only the 
county of Jequié has a quilombola community that is officially recognised.  The 
publication on the National Official Newspaper was on the March 13, 2007.  It is 
the quilombola community of Barro Preto.  The people of Maracás consider the 
communities of Cuscuz, Pindobeiras, Caldeirão dos Miranda and Jacaré as being 
quilombolas, although efforts are being undertaken by the municipal government to 
promote the legal recognition of these communities by the Palmares Foundation 
and INCRA (in english, National Institute for Colonization and Land 
Reconstruction). 

There are no Indian communities in the county of Maracás. 

(h) Maracás’ County Capital 

Maracás is an urban conglomerate, with reduced dimensions and very dense, 
located in the mideast portion of the county, within the domains of the Geral 
mountains.  Around the center of the town, new neighborhoods grow, such as 
Morumbi and Irmã Dulce, with limited infra-structure. 

Downtown Maracás is crossed by two main avenues, Brasília and João Durval, 
and has good urban infrastructure, with paved streets, water supply system (the 
water is withdrawn from the Boca do Mato reservoir, 9 km away), electric power 
supply and telephone lines.  There is regular waste collection and street sweeping 
services, so that the public venues are pleasing.  On the other side, there is no 
wastewater collection system and the domestic sewage is disposed off in pits, 
usually in the backyard of the houses. 

Maracás has legal regulations regarding urbanisation, such as the city’s organic 
law.  The city’s master plan is in the final stage of discussion and will probably not 
be passed until June 2008. 

Commerce and services are distributed along the main avenues and streets.  The 
local commerce is relatively diversified and in harmony with the city size.  It 
included clothing stores, cellular phone shops, furniture stores, house appliances 
stores, bookstores, construction shops, grocery stores, drugstores, restaurants, 
etc.  The population, if necessary, goes to Jequié, Vitória da Conquista, Feira de 
Santana, or even Salvador, to find goods that are not available in Maracás. 

Among the institutional services, the following stand out: Banco do Brasil branch, 
lotteries, post offices, schools, social centers, health clinic, Catholic Church, 
Evangelical Church, and so on. 

The educational system is made up of eight public schools, which offer elementary 
and high school courses.  Five of these schools are municipal and three are run by 
the State.  There is a private elementary school and other kindergarten schools 
that are privately owned.  The municipal education system is supplemented by 
kindergartens available for the children that live downtown and in the surrounding 
neighborhoods. 
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There is only one college in town: Faculdade de Tecnologia e Ciências (FTC). This 
college has the following on-line graduation courses: business, biology, 
mathematics and languages.  FTC also has some specialization courses. 

20.4.7 Production Structure on the Maracás County 

In the period from 1996 to 2006, there was a reduction in the number of businesses that 
produced cow milk in Maracás.  In 1996, there were 400 milk-producing businesses and, 
in 2006, only 282 businesses were carrying out that type of activity (reduction of 118 
businesses).  However, in the same period, the cow milk production in the county 
increased by 51%, while goat milk production declined 67% and egg production 
decreased 96%. 

The temporary produce production in Maracás, especially sugar cane, beans, mandioca, 
corn and tomato, decreased from 1997 to 2006.  The only exception was mamona, whose 
production increased 172%.  The area used to grow produce expanded 8.5% in that 
period. 

The total area with permanent crops has been subject to significant changes in the last 10 
years.  From 1996 to 2006, this area in the county of Maracás shrunk 20%.  Coffee 
production increased from 2000 to 2006, but the 2006 production was smaller than the 
1996 one.  The orange and lemon productions did not changed significantly, while the 
maracuja production fell 89.45% from 1996 to 2000. 

20.4.8 Property Disputes and Rural 

In the Project’s DAA, area where the Project will be installed, there are no property 
disputes. 

In Maracás, there is a program for rural settling (Pakhaeta) in the Califórnia Farm, village 
of Pindobeiras.  The area available for settling is of 2035 ha and is large enough to settle 
63 families.  The registration process is underway.  All the people to be settled will be rural 
workers in the region. 

20.4.9 Water Supply 

The water sources for human consumption in Maracás include surface waterbodies (rivers 
and springs) and groundwater (wells).  The water of the city’s capital comes from a small 
dam called Boca do Mato.  The villages of Porto Alegre and Pindobeira obtain their water 
from the reservoir of the de Pedras dam, in the de Contas River.  The other villages get 
their water from wells and water trucks. 

The water in the rural properties comes from wells and are used for human and animal 
consumption. 

Due to the fact that it is located in the margin of the de Pedras dam, the community of 
Porto Alegre can use the waters from the de Contas River for various purposes, including: 
human consumption, irrigation, leisure and fishing.  The multiple water uses occur in no 
other village in the region. 
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With irrigation and fertile soils, the rural properties of Porto Alegre produce fruits for 
exportation (mango, papaya and cashew) and vegetables for the regional market. 
Nevertheless, irrigation is not a threat to the supply of water for human consumption, since 
the volume of the reservoir is 1 484 000 m3. 

Although the produce production is very large at Porto Alegre, fishing is still the most 
important economic activity in the county.  Besides fish, the people also produce fresh 
water shrimp, which is sold in Jequié. 

Navigation is done only in the de Pedras dam reservoir, but it is restricted to small fishing 
boats and a raft that transports goods and people among Porto Alegre, Jequié and 
Iramaia. 

The reservoir is also used for leisure purposes.  The local population gathers in its 
margins during carnival and other events, when tents and public showers are set up. 

20.4.10 Historical and Cultural Heritage 

Maracás is a typical city of the Bahia’s countryside, with a small population that 
perpetuates the habits and customs of its ancestors.  The name of the city comes from 
maráca, which is an Indian tool used by the Cariris tribe that lived in the Paraguaçu region. 

According to studies by Prof. Carlos Ott, the Portuguese arrived at the Paraguaçu valley in 
search of gold and diamonds and found the Indians.  Many bloody battles were fought, 
resulting in the disappearance of the Indians.  These Indians are still remembered today in 
the Maracás history, as being brave warriors, constant fighters and efficient strikers. 

The influence of the gold cycle on the county can be seen today by the city’s architecture, 
showing houses with styles that are typical of that period.  The houses are narrow, with 
high doors and windows, similar to the ones found in Chapada Diamantina and Ouro 
Preto. 

The Portuguese occupation of the region is evident through the main houses of the farms, 
in colonial style.  One example is the Santa Rita farm, which still keeps the big main house 
with its XVIII century furniture and chapel. 

Since the occupation of the region started in the period in which Brazil was still a colony of 
Portugal, and during which slavery still existed in Brazil, the presence of black people is 
very pronounced. 

According to Prof. Marina Silva, Maracás was one of the five Brazilian towns that hosted 
germans during the Second World War.  The german presence in the county is clearly 
seen by the main church’s architecture, in german gothic style and by other houses in the 
same style. 

Besides the areas of historical and architectural value, there are some areas that are part 
of the county’s natural heritage and should be protected.  For instance, the Jequiriça River 
headwaters park, recovered by the municipal government; the Eucaliptus Park; the 
springs; and mountains of the region. 
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(a) Archaeological Heritage 

The report “Programa de Diagnóstico e Prospecção para o Projeto Vanádio de 
Maracás, Maracás, Bahia” already submitted to CRA, presents the archaeological 
studies carried out in 2007 by the company Arqueologia Brasil - Projetos, 
Pesquisas e Planejamento Cultural e Arqueológico Ltda., whose principal office is 
in Espírito Santo do Pinhal - São Paulo.  The archaeological diagnosis and survey 
were approved by Acervo - Centro de Referência em Patrimônio e Pesquisa, 
based on Porto Seguro - Bahia.  The leader of the technical team was 
Prof. Dr. Walter Fagundes Morales (archaeologist e sociologist), and the other 
archaeologists of the team were: Luiz Augusto Vivas, Flávia Prado Moi, Daniel 
Bertrand e Diego Palma Rocha. 

The archaeological studies were authorized through the IPHAN publication N. 162, 
from July 30, 2007, which deals with the permission to carry out archaeological 
survey and analysis for the Project Vanádio de Maracás or Project, in the county of 
Maracás, State of Bahia. 

The archaeological survey was concentrated in the areas of the mining rights 
DNPM DNPM 870.134/82 and DNPM 870.135/82, where the four mineral targets 
of the Project are located.  They are, from north to south: Novo Amparo, São José, 
Gulçari B and Gulçari A. 

In these areas, 20 archaeological sites and 41 occurrences of archaeological 
materials were identified. Out of the identified archaeological sites, one is inside 
the geographical limits of the Gulçari A target, three within the Novo Amparo 
deposit area, one in the São José area and three in access routes.  The 
archaeological occurrences were: eight in the Novo Amparo area, six in the São 
José area, four in the Gulçari A and one in the Gulçari B.  Every archaeological site 
and occurrence are identified by its geographical coordinates and described in the 
report, which provides many photographs as well. 

The technical report indicates the need for a program of recovery and monitoring to 
recover and / or protect the archaeological traces and structures at the surface or 
subsurface.  During the recovery and monitoring stage, every archaeological site 
and occurrence must be revisited and minimum characterisation interferences 
must be done.  This last stage of the archaeological study must include the 
continuation of the heritage education activities.  The programs of archaeological 
recovery and heritage education will be included in the PCA (Environmental 
Control Plan), which is part of the environmental permitting process to obtain the 
Installation License (LI) for the Project. 

(b) Living Standards 

The human development índex - IDH was created in the end of the 1980s, more 
precisely in 1989.  Its purpose was to represent the level of development and living 
standards of a community.  It is an alternative to the traditional and direct economic 
indices, such as the GDP, per capita income and the industrialisation level.  The 
intention of the people who created this index was to represent development based 
on three criteria: life expectancy, education and GDP per capita. 
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The criterion life expectancy - life expectancy at birth - aims to represent the health 
condition of a society.  In 1991, the Maracás life expectancy index (0.541) was 
categorised as medium, so the county was the sixteenth in the microregion.  In 
2000, the county improved its life expectancy index by 6.7%, reaching 0.577 and, 
thus, occupying the twelth position. 

In 1991, generally speaking, the educational indices of the counties in the Project’s 
area of influence were worse than the life expectancy ones.  However, from 1991 
to 2000, this index increased and overcame the life expectancy values.  The 
Maracás’ educational index in 1991 was 0.490 (low).  In 2000, this value had 
increased to 0.714, showing a 59.4% increase and, hence, being classified as 
medium. 

The GDP per capit index is the one that has the smallest contribution to the IDH of 
the region’s counties.  In 1991, Maracás had a GDP per capita index of 0.462, 
placing it in the seventh position, out the 27 counties of the microregion.  In the 
period from 1991 to 2000, the growth of that index in Maracás was only 6.1%, so 
the county moved down to the fifteenth position, with a GDP per capita index of 
0.490. 

Out of all the 27 counties located in the Project’s area of influence, in 1991, 
Maracás was in the fourteenth position, with an IDH of 0.498 (low).  From 1991 to 
2000, the increase in the IDH index of that county was the sixteenth best (22.3%) 
and its IDH reached 0.609 (medium).  So the county was in the sixteenth position, 
losing two positions.  The most important of the three criterion, in the case of 
Maracás, was the education index (0.759). 

20.4.11 Education 

In 1991, Jequié had the largest average school years of all the counties in the Project’s 
area of influence.  That county had the same value as the State of Bahia, 3.3 years. 
Maracás’ average was only 1.5 years and that placed the county in the ninth position 
among the counties in the microregion.  In 2000, Maracás moved to fifth place with a 
73.3% increase in its average school years, reaching 2.6 (still low). 

Maracás position, with respect to adult (older then 25 years) illiteracy, was fourteenth in 
1991, and the value was 56.7%.  In 2000, Maracás reduced its adult illiteracy rate to 
38.6%. 

In general, data show an improvement in the number of Maracás residents that have 
educational services.  However, additional efforts are needed to reach the educational 
level of the Bahia State (average of 4.5 school years and illiteracy rate of 28.5% in 2000). 

At present, through the municipal and State system, Maracás provides education in three 
levels: kindergarten, elementary and high school.  The rural population has free 
transportation to the schools, provided by the county administration.  The population of the 
villages located near the area of the Project has access to municipal schools. 
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20.4.12 Health 

The hospital beds available in the Project’s area of influence are predominantly privately 
owned (52.5% - 741 beds).  The public hospital beds sum 693 (47.5%). 

Maracás has 64 hospital beds, being 40 publicly owned and 24 private ones.  This 
represents a ratio of 1.9 beds for a thousand inhabitants; value that is smaller than the 
OMS standard.  With respect to hospital beds, Maracás occupies the 13th out of the 27 
counties of the microregion. 

The largest health expenditure ever, of all the counties within the Project’s area of 
influence, was incurred in 2006 by Jequié: R$36,515,771.  This is due to its population, 
which represents 30% of the entire population of the 27 counties.  In that same year, 
Maracás invested R$3,689,858.36, being the twenty-third largest investment in health care 
field and with a resulting ratio of expenditure / inhabitant of only R$83.52. 

Maracás shows one of the worst (26th) healthcare coverages of all the 27 studied 
counties, with only 67.4% of the population assisted with such programs. 

Of the 27 counties that make up the microregion, Jequié has the largest number and the 
greatest variety of medical equipment.  Even so, the medical services are still very 
precarious.  But, due to the even worse situation of all other counties, Jequié is the 
region’s center for medical care and examinations that need the help of equipment. 
Maracás has only one X-ray equipment (100-500 mA). Thus, the Maracás’ population 
needs to go to another county if a more complex medical examination is necessary. 

In 2008, the healthcare system of Maracás had six public health clinics, four family health 
units, one healthcare center, one clinic specialised in birth surgery and one hospital. There 
is a shortage of doctors for the urban and rural communities alike.  Due to this shortage, 
the public health clinics in the rural zone operate with nurses and assistants, while doctors 
work there only once a month. 

The 1999 to 2005 number of deaths caused by brain / vascular diseases shows that this 
was the main cause of death in Maracás.  Heart strokes were the second and diabetes 
mellitus and transit accidents were third. 

20.4.13 Housing Conditions and Infrastructure 

In the last census (2000), Maracás had 7,430 families living in private houses (31,678 
people) and 7,430 people declared they provided the money for the family; 5,288 were 
spouses; 16,330 were sons and daughters; 152 were parents or mother / father in law; 
1,035 had another type of relationship, and 220 had no family relationship with the owner 
of the house. 

According to the same census, there were 6,832 houses with adequate sanitary 
installations in Maracás.  Out of these 6,832, 28% had treated water supply, 0.9% 
wastewater collection, and 76.7% had their wastes properly disposed off. 

The data from the last census shows that, though the population of Maracás does not 
have easy access to basic consumption goods (refrigerators, etc.) and to sanitation 
services, the housing conditions are not so bad as that seen on large urban centers, 
mainly with respect to the number of people per room. 
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The Maracás’ water supply system has 2,914 active water connections, supplying water to 
18,533 inhabitants, through a 58-km-long network.  The county does not have a sewage 
collection network, so wastewater is disposed of by the individual households. 

The public cleaning services are limited to the county’s capital and includes trees’ 
trimming, street sweeping and waste collection.  The waste is disposed of at a simple 
landfill that started in November 2005. 

The city does not have a rainwater drainage system, but the reconstruction of the BA-026 
(connects Maracás to Contendas do Sincorá) includes stormwater drainage in the area of 
the road. 

The following roads are used to get to Maracás: BA-026 (Maracás/Contendas do Sincorá), 
BA-250 (Maracás/Lajeto do Tabocal) and BR-330 (Maracás/Jequié).  There is a bus 
station, where the intermunicipal routes (Salvador, Vitória da Conquista, Iramaia, 
Jaguaquara, Jequié, Ilhéus and Porto Seguro), and interstate routes (Rio de Janeiro e 
São Paulo) stop.  The county has a landing strip called Luís Eduardo Magalhães. 

Maracás has a community radio station, loud-speaker services, telephone lines, cellular 
coverage, post offices and four newspapers: the TV broadcasts are TV - Sudoeste, Aratú, 
TVE Bahia and Bandeirantes. 

There is a municipal market where, on Saturdays, produce and products from Maracás 
and Jaguaquara are sold, including: live animals; such as pigs, goats, chicken and ducks; 
cereals, grains, produce and meat.  Almost all the produce and meat consumed in the 
county are produced there.  The cereals are brought from other cities in the southeastern 
region. 

20.4.14 Leisure, Tourism and Culture 

The cultural aspects of Maracás are intimately related to the religion of the population. The 
most important cultural events, both in the rural and urban zones, show traces of popular 
Catholicism mixed with enjoyment.  The main events of the county are: Ter nos de Reis, 
Festejos Juninos (Trezenas de Santo Antônio e São João), Festa de São Roque, Festa 
de Nossa Senhora da Graça and Cosme Damião. 

The capital of the Maracás county has public leisure areas, such as the Eucaliptus Park, 
which is where the following environmental institutions are located: ADAB, EBDA, 
Production Secretariat and Flower Project of Maracás.  The park is also used for various 
sports.  Besides this park, there is the park of the springs of the Jequiriça River, where 
there are ecological tracks, sports court and municipal squares. 

There are very few leisure areas in the communities surrounding the future Project area. 
Most of the villages have only small soccer fields.  The exception is Porto Alegre that has 
a sports court built by the municipal government. 

20.4.15 Public Safety 

Maracás’ public safety is ensured by the 19º Batalhão da Polícia Militar (millitary Police) by 
the 4ª CIA de Polícia Comunitária (community Police), by Delegacia de Polícia Civil (civil 
Police) and by the Guarda Municipal de Maracás (municipal Police). 
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The millitary Police of Maracás is composed of 14 police officers and 1 vehicle.  This 
structure is enough to ensure the public safety of the county and the services provided 
include: rural surveillance, school surveillance (daily, at night), road block at night and 
drug traffic combat, among others. 

The civil Police of Maracás has five officers and five public agents, as well as one vehicle. 
The precinct can hold 10 inmates and the following services are provided: hearings with 
the police chief, registration of occurrences and police proceedings, etc.  

There is no fire department in the county.  The Jequié’s 8º Batalhão do Corpo de 
Bombeiros (fire department performs the fire combating activities in the county). 

20.4.16 Population’s Opinion About The Project 

During the field surveys, it was possible to sense the people’s expectations, with regards 
to the Project Vanádio de Maracás.  In general terms, the expectation is high, mainly 
because the county has few employment opportunities and the Project is seen as a 
possible source of jobs and income. 

There is an expectation that the Project will hire most of the male, economically active part 
of the population.  However, this will not happen, since the Project will create only a limited 
number of direct positions and, many of them, will be highly specialized, and this type of 
professional is not available in the county.  The environmental concerns of the population 
of the county’s capital are rare, but they are more frequent in the villages close to the 
Project, because the focus is on job and income issues. 

Though the expectation is high towards the Project, a good portion of the people do not 
know much about the ore, its uses or even how it will be processed.  Furthermore, the 
people do not know what type of impacts (negative and positive) the Project could have. 
To some individuals, the Project will only benefit the local population, through jobs.  A 
group of rural workers demonstrated concern with the consequences of the installation 
and operation of the Project on the environment.  There is yet a group of residents that, 
though knowing very little about the subject, try to estimate the Project’s negative and 
positive effects. 

In summary, it is clear that the population is excited about the possibility of creating jobs 
and increasing income; but it is also clear that the population knows very little about the 
Project or the type of activity that will take place in the region.  Thus, it is necessary to 
carry out events to inform the directly-affected population about the Project. 

20.4.17 Environmental Impact Assessment 

(a) General Concepts and Methodology 

Based on the environmental assessment and technical characterisation of the 
Project’s area of influence, carried out to upadate the EIA, a new portrait of the 
Project Vanádio de Maracás was obtained. 
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With that, it is possible to identify the environmental impacts (negative and 
positive) that will be generated by the Project and, based on these environmental 
impacts, elaborate the scoping of the plans and programs to control, mitigate and 
monitor the negative impacts, to compensate for the negative impacts that are not 
mitigable, and to emphasize the positive impacts, especially those related to social 
and economic aspects. 

The environmental impact assessment (EIA) uses an adequate methodology, 
which has proved to be efficient.  This methodology clearly shows the advantages 
and disadvantages of the Project, through identification and assessment of the 
Project’s effects on the abiotic and biotic media, and on the social and economic 
structure of the region, characterising the impacts according to the following 
categories. 

Value Categories 

 Positive of beneficial impatc - action that results in the improvement of quality 
of a factor or environmental parameter 

 Negative or adverse impact - action that results in damage to the quality of a 
factor or environmental parameter. 

Order Categories 

 Direct impact - consequence of a simple cause and effect relationship, also 
called primary or first order impact 

 Indirect impact - secondary consequence of an action, or if it is part of a chain 
reaction; also called secondary impacto or nth order impact (as the case may 
be). 

Spatial Categories 

 Local impact - the consequences are felt only within the limits of the Project’s 
property and its surroundings 

 Regional impact - the consequences are felt beyond the vicinity of the Project’s 
site 

 Strategic impact - the consequences affect an environmental component that 
has collective or national importance. 

Temporal or Dynamic Categories 

 Immediate impact - when the consequences are felt at the moment the action 
is taken 

 Medium- or long-range impact - when the consequences are felt some time 
after the action is taken 

 Temporary impact - when the consequences are felt only during a certain time, 
after the action is taken 

 Permanent impact - cases that occur when, once the action is taken, its 
consequences do not cease during a known time period. 
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Magnitude Categories 

 Negligible - cases where the modification of the assessed indicator was small, 
thus, not changing the environmental quality 

 Low - cases where the modification of the indicator is of little importance 

 Medium - cases where there is moderate modification of the indicator, and 
mitigation measures may be necessary 

 High - cases where the modification of the indicator is significant, thus, there is 
the need for mitigation or compensation measures. 

Environmental impacts can also be characterised by their reversibility: cases where 
the environmental component can return to its original conditions, by natural 
processes or as the result of human intervention. 

It is important to define the difference between the concepts of impact duration and 
the permanent or temporary nature of an impact.  The concepts of permanent or 
temporary impacts apply to cases where the natural environmental can, or not, 
recover its original characteristics after Project’s activities cease. 

The self-recovering capacity of the air and water, after the pollution sources are 
gone, and even the natural (or supported) recovery capacity of woods and other 
vegetation formations (after cutting down has stopped), can be considered 
temporary or reversible impacts. 

Mining activities generate various permanent impacts, such as the total 
suppression of native vegetation, terrain alterations and the landscape change, 
even if there is environmental recovery of the degraded areas after the mining 
activities cease. 

The social distribution of impacts is another feature that must be taken into 
account, since the beneficial and adverse impacts are never evenly distributed 
among the different social groups. 

Thus, the goal is to identify and assess every relevant environmental impact of the 
Project, according to the legal regulations, focusing on aspects related to air; noise 
and vibrations; surface and groundwater; soils; flora and fauna directly connected 
to environmental quality; and the social and economic characteristics of the 
people, including their living standards. 

The mitigation measures are aimed at preventing, eliminating or minimising the 
negative adverse impacts.  The negative, nonmitigable impacts will be subject to 
environmental compensation.  Simultaneously, the positive impacts should be 
maximised.  Out of the balance of positive and negative impacts, the cost / benefit 
analysis will determine the Project’s environmental feasibility. 

Once this evaluation is done, the scoping of the environmental control and 
monitoring programs will be defined, in order to assess the efficacy of the 
mitigation of the negative impacts and maximisation of the positive ones.  These 
will be outlined in the PCA and submitted to CRA, with the purpose of obtaining the 
Project’s LI.  The PCA must also include the measures that were required by CRA 
through the LL. 
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Among the PCA programs, special attention will be given to the Plan for 
Rehabilitation of Degraded Areas - PRAD, which will outline the Project’s and 
procedures for the rehabilitation of degraded areas.  It is important to mention that, 
for mining activities, the rehabilitation of degraded areas is required by the National 
Constitution.  Specifically for mining operations, the PCA must also include a 
preliminary evaluation of the concepts and strategies that will be carried out by the 
Project’s administration to decommission and close the Project in the end of its 
lifetime.  This evaluation will be submitted in a separate document entitled 
Conceptual Mine Closure Plan. 

(b) Positive Social and Economic Impacts 

The Project represents a new social and economic era for Maracás and, mainly, 
for the surrounding communities, which have serious social and economic issues 
and lack human development and adequate living standards.  Therefore, the 
Project means an opportunity to positively change the economic profile of the 
county and communities, with considerable benefits to the economies of these 
places, from installation through closure. 

Under a social and economic perspective, the main positive impacts from the 
Project, both in the installation and operation phases, will be: increase in 
employment, income and tax revenue. 

(c) Employment 

At present, the economy of the area of influence of the Project Vanádio de 
Maracás is not very dynamic.  There is significant unemployment rate in the county 
of Maracás and, more importantly, in the villages around the Project area, with 
negative consequences on their social and economic indicators, as well as on the 
human development levels.  In the short and / or medium range, no private or 
public investment is expected, which is comparable to the Project Vanádio de 
Maracás and that can expand the area’s economy and effectively increase the 
direct and indirect employment opportunities. 

During the installation phase of the Project, 1,500 temporary positions can be 
created and, in the operation phase, 560 direct and permanent jobs can be 
created.  These positions include operational and administrative roles in the 
following sectors: mining, processing and vanadium metallurgy.  This number of 
positions can be inflated, because of the indirect jobs to be created in the area of 
influence, which is usually in a proportion of 3:1 with the direct jobs. 

The job opportunities that will be created are a positive, direct, local, permanent 
(during the Project’s lifetime - minimum of 30 years) high magnitude impact, given 
the high unemployment rates and lack of job opportunities in this semi-arid region 
of the State of Bahia.  Nevertheless, this positive impact is reversible and will 
cease when the Project stops to operate. 
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(d) Tax Revenue 

The tax revenue is a serious issue in Maracás, because the county does not have 
significant revenue from that source.  The Project Vanádio de Maracás, which will 
be totally located in the county of Maracás, will probably mean a considerable 
increase in the direct tax revenue and indirect revenue, due to the expansion of the 
local economy as a whole. 

The installation and operation of the Project will result in the collection of many 
taxes, such as ISSQN, ICMS and income tax applicable to all the economic 
transactions generated due to the Project, besides the tax and social burden that 
are applicable to salaries and other items. 

(e) Negative Social and Economic Impacts 

The installation and operation of the Project will also have undesirable social and 
economic impacts, including, among others: involuntary migration to the region and 
the consequent larger demand for public services (education, health care, 
sanitation and public safety). 

(f) Decommissioning 

The large structures, such as the pit, waste rock deposit and the tailings dam (as 
well as the other degraded areas) will be subject of environmental rehabilitation 
and revegetation.  These measures will be carried out from the installation phase, 
throughout the operation and until the closure of such structures.  So, the main 
impacts, with respect to the closure of the Project, include the pit surface, the 
waste rock deposit and the tailings dam, which cause significant and permanent 
changes in the region’s terrain and landscape. 

The closure of the Project will mean dismissal of a large number of workers and 
the end of the fiscal revenue, which can have significant negative impacts, if they 
are not mitigated with the implementation of Program of Dismissal and Social and 
Economic Self-sustainability.  This program must be in accordance with the local 
and State legal regulations. 

The above-mentioned program should enable the county to develop and 
implement, in a progressive manner and throughout the Project’s lifetime and with 
its support, other ways to maintain a good degree of economic activity that can 
assure an adequate living standard for its residents (rural and urban).  The ultimate 
goal of this program is to alleviate the negative impacts caused by the closure of 
the Project and keep a dynamic municipal economy. 

20.4.18 Environmental Management Programs 

The norms and procedures to be implemented by the Project will include effective 
activities and actions of impact prevention, control and mitigation, as well as air and water 
quality monitoring programs, rehabilitation of degraded areas, environmental management 
and integrated occupational health and safety.  These procedures will be integrated into 
plans and programs that will be outlined in specific reports. 
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Some of these measures and actions will be presented in the summaries of the scoping of 
the environmental management programs of Project, which will be detailed in the PCA, as 
already explained.  These programs comply with the Brazilian, Bahia and Maracás’ legal 
regulations. 

In principle, the Project does not present any “unacceptable risk”, due to physical, 
chemical or biological property of the natural environment or due to negative impacts on 
the public and worker’s health care or on the population’s social, economic and living 
conditions. 

The implementation of the recommendations of the various programs, besides complying 
with the legal regulations and with company’s environmental policy, will also support its 
social, economic and environmental integration into the communities, demonstrating social 
responsibility in accordance with the moral and ethical principles that guide the 
sustainable development efforts. 

The satisfactory environmental performance will be assured through a set of actions and 
measures, which are determined for all the Project’s phases and based on dynamic 
procedures of prevention, control, monitoring, mitigation and evaluation of environmental 
impacts, aiming at preserving, and even improving the environmental quality.  These 
norms and procedures must be periodically revisited and critically evaluated, as often as 
problems are observed and corrections are needed. 

In order to do that, the control and monitoring programs will include inspection activities, 
periodic sampling, analysis and interpretation of data as to allow for immediate application 
of the corrective actions on the operational processes and to improve, review and 
redesign the techniques for each procedure. 

The evaluation of the efficacy and proper performance of the operational control systems 
of constructions and activities, as well as the adequacy of the management and safety 
programs and procedures, must be permanent and periodic. 

20.4.19 Impact Assessment, Mitigation and Compensation 

The following sections were summarised from an environmental and social impact 
assessment (ESIA) completed by a team of professional with the final report completed by 
R. Marquis for submission to the government for the review process for Brazilian 
permitting.  These sections were also included in the NI 43-101 Technical Report by 
R. Gowans, et el filed on January 23, 2008. 

Impacts were identified for each phase of the Project.  The impacts identified with high 
importance included contamination of water (in particular suspended solids from erosion) 
and aesthetic alterations to the landscape.  Mitigation measures are proposed in the 
impact assessment to prevent and minimise erosion.  Water quality will be controlled in 
the plant and ponded water in the tailings impoundment will be recycled to the plant. 
Freeboard in the tailings impoundment will be designed to effectively contain the peak 
100-yr flood flows of 65 m3/s and an armoured emergency spillway will be constructed to 
manage the 1,000-yr rainfall event.  The tailings dam described in the impact assessment 
commits to a low permeability earthfill dam with the compacted soil material to meet 
design permeabilities between 2.8 by 10-7 cm/s and 4.4 by 10-7 cm/s to minimise 
seepage losses. 
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The Project design needs to avoid the four vulnerable plant species, wherever possible. 
Where this is not possible, each of these trees or plants needs to be transplanted to or 
replaced at a nearby location not affected by the Project.  Local staff indicated that this 
has been the accepted mitigation measure during exploration. 

The environmental assessment asserts that the reclamation will provide the necessary 
mitigation for disturbing the land.  However, it is uncertain as to whether the government 
will accept this as full mitigation.  The legislation is broad enough that the regulators have 
discretion as to what meets environmental protection and conservation.  Given the high 
diversity of species in the area, the presence of four vulnerable plant species and four 
endangered bird species, additional mitigation and compensation may be requested to 
offset residual habitat loss for the footprint of the open pit and the tailings impoundment. 
Additional compensation measures could include restoration of surrounding areas affected 
by farming activities back to natural caatinga forest habitat.  This could be an additional 
measure taken to conserve biodiversity, if international financing is sought from lenders 
that subscribe to the Equator Principles.  Other Brazilian states such as Rio Grande do Sul 
have policies for compensation for environmental damage that can include monetary 
compensation. 

A high level of importance was assigned to the beneficial socioeconomic effects of the 
Project on the surrounding communities.  To maximise the benefits to the local community 
and to mitigate the adverse effects following mine closure, the Project is committing to the 
regulators to: 

 provide assistance to expand the water supply to Maracás 

 provide assistance to supply water to the surrounding areas 

 purchase two trucks to assist the municipality with garbage collection 

 buy land to construct homes 

 provide assistance to the local medical centres 

 work with the local police to assist with crime prevention 

 hire and train local people for the operation and to assist with capacity building in other 
areas not related to the mine 

 support the introduction of vanadium as a topic within the school curriculum and 
provide assistance to teachers 

 promote local culture. 

20.4.20 Brazilian Permitting Process 

When a Class II mineral extraction project (as defined in the Mining Code) is presented for 
development, a multidisciplinary technical review team is appointed by the State Council 
for Environmental Matters (CEPRAM) to review the project.  This team sets the Terms of 
Reference for the Environmental Impact Assessment (EIA) and the Relatório de Impacto 
Ambiental (RIMA).  A RIMA is a document that summarises the full impact assessment for 
review by the public.  The Terms of Reference for the Maracás EIA / RIMA included a 
social impact, alternatives, and archaeological assessment for the Project, in addition to 
the basic physical and biological environmental impact assessment.  
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 On August 24, 2005, the Centro de Recursos Ambientais (CRA) delivered the 
approved Terms of Reference (TR) for the preparation of the EIA and RIMA for the 
Gulcari A property and determined that the EIA / RIMA should be delivered within 180 
days. 

 The EIA and RIMA were prepared by the consulting company R. Marquis Engerharia 
Ltda and submitted to the CRA on August 22, 2006. 

 On December 6, 2006, CRA requested additional information and data on archeology, 
terrestrial fauna and aquatic biota.  The CRA demands were answered and a new 
RIMA was submitted to the CRA on March 29, 2007. 

 Technical reports on fauna and aquatic biota were submitted to the CRA on 
September 17, 2007.  The archeological studies were presented on October 22, 2007. 

 On January 4, 2008, Largo was informed about the need to review and supplement the 
EIA and the RIMA. 

 On January 6, 2008, Largo announced that it had retained Brandt Meio Ambiente and 
Integratio – Comunicacao de Insercao Social to review and update the EIA and RIMA, 
as well as provide technical support throughout the ongoing permitting process. 

 On January 25, 2008, the final guidelines for reviewing and updating the two 
documents (EIA and RIMA) were established. 

 On January 31, 2008, the CRA delivered the comments on the TR which must be 
observed, in order to supplement the EIA and its respective RIMA.  The new TR 
determined that the required documents should be submitted within 180 days. 

 The revised EIA and RIMA have been submitted for review. 

 The Project EIA, completed by R. Marques for Vanádio de Maracás Ltda. and based 
on the 1993 project design, was submitted to the Bahia State Environmental Agency 
(CRA) on March 29, 2007. 

 CRA’s review of the EIA / RIMA is in progress at the time of writing this report. 

 Once the review is complete, the government announces the publication in the official 
Gazette, initiating a 45-d public review period. 

 During this review period, the company also makes a presentation, in a public forum, 
at which time public comments may be received. 

 Depending upon the results of the review, and taking into consideration public 
comments, the Project will be granted (or denied) a Licença de Localização / Prévia 
(Location Licence) to proceed with development. 

 Following issuance of the Location Licence, the proponent can proceed with 
application for a Construction / Implementation Licence which is expected to take 60 to 
90 days to process. 

 An Operational Licence is applied for following construction and comes up for review 
and renewal after 3 years. 
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20.4.21 International Financing 

If international financing is sought, there are a number of updates that will need to be 
made to the environmental and social components of the Project.  An update of the ESIA 
to international standards will be necessary based on the feasibility design.  In particular, 
current water quality, hydrology and meteorology data need to be collected.  Waste rock 
and tailings geochemical characterisation and water quality modeling need to be 
completed.  A public consultation and disclosure plan will need to be prepared as part of 
the ESIA.  Detailed environmental and social action plans will need to be developed prior 
to construction. 

20.4.22 Consultation 

Public consultation for the current Project began in 2006 during the community surveys 
and focus group meetings.  In addition, the company representative is discussing the 
Project with the surrounding residents with respect to land acquisition and potential 
infrastructure.  The Brazilian environmental assessment process also requires hearings 
that are open to the public.  As the Project moves into the feasibility stages, additional 
consultation will be needed to continue to inform the community of the impacts from the 
Project and ensure that the promised benefits actually result in the desired improvements 
for the communities. 

20.5 Marketing 

CPM Group (“CPM”) of New York, U.S.A. was commissioned by Largo to prepare a 
confidential report entitled “Vanadium Industry Outlook” dated July 30, 2008.  The report 
included a price forecast for vanadium from 2008 to 2018.  This report was provided to 
Largo and the price forecast utilised in the economic assessment of the Project. 

The report presented the following topics: 

 An overview of vanadium pricing in terms of vanadium pentoxide  

 Analysis of the supply of vanadium providing details of mine production fundamentals 
and an overview of vanadium reserves, resources and production 

 Discussion on vanadium demand 

 Analysis of the end uses of vanadium products 

 Discussion of vanadium substitutes 

 Demand balance for the world  

 Inventory analysis 

 Price outlook. 
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20.5.1 Overview of Vanadium Pricing 

Until the late 1980s, the vanadium market was relatively stable, but over the last 20 years, 
there have been significant fluctuations in the price.  After a price spike in 1989, the 
release of vanadium from Russian stockpiles kept downward pressure on prices during 
the first 4 years of the 1990s.  The years of Russian oversupply were reversed by changes 
in the methodology of slag production that reduced the amount of vanadium being 
produced from slag as a byproduct.  This caused tighter market fundamentals and, in 
1998, prices reached an annual average of USD 4.45/lb for vanadium pentoxide.  Stronger 
prices brought new capacity on line, but the market was not able to absorb the additional 
supply, which led to closures of primary producers in Australia in 2003.  The impact of 
reduced supply resulted in an increase in price, particularly from 2005 and an historic high 
of USD 26.25 was realised in May 2005.  Prices were driven to high levels by sustained 
periods of strong demand and concerns about global inventory levels, despite some 
substitution of vanadium for niobium.  Vanadium prices remained stable in 2007 as 
Russian and Chinese production ramped up to meet consumption.  In 2008, prices 
increased due to concerns about power generation issues in South Africa and an 
earthquake in China.  As of June 2008, vanadium pentoxide prices held a monthly 
average of USD 17.66. 

Ferro vanadium is generally comprised of 70% to 80% of contained vanadium, which is 
the product to be produced by the Maracás Project.  In general terms, the price 
fluctuations mirror the price changes in vanadium pentoxide, except that the price ratio 
varies somewhat from year to year.  As of June 2008, ferro vanadium prices held a 
monthly average of USD 37.00/lb of contained vanadium compared to USD 17.66/lb of 
vanadium pentoxide. 

20.5.2 Mine Production Fundamentals 

The output of vanadium takes several forms. Approximately 60% of vanadium is produced 
from by-production through processing slag from steel production received from certain 
iron ore deposits containing vanadium; 25% from primary producers of which the proposed 
Maracás Vanadium Project would be one; and 15% from secondary producers from oil 
residues, fly ash and spent catalysts. 

20.5.3 World Mine Production 

CPM estimated that world supply of vanadium increased from 36 890 t of contained 
vanadium in 1995 to 65 039 t in 2007.  The major suppliers of vanadium from all sources 
are South Africa, China, Russia, United States and other suppliers.  The major producers 
of vanadium are as follows: 

 The Evraz Group with operations in South Africa, United States, Czech Republic and 
Russia thorough their subsidiaries Highveld, Nikom, Evraz, Vametco and Stratcor 

 Xstrata in South Africa  

 Gulf Chemical and Metallurgical in the United States 

 Beijing Pancheng Vanadium Trade Co. in China, which encompasses Panzihua New 
Steel and Vanadium as well as Chengde Xinxin 

 Treibacher in Austria. 
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CPM estimated the production capacity of all the major producers of vanadium listed 
above. 

20.5.4 Supply Outlook 

CPM generated a forward supply curve with estimates of the annual output of new 
capacity from new primary vanadium mines and slag capacity additions. Commencement 
dates of new projects or expansions have been formulated by CPM’s estimates of project 
timelines.  CPM’s methodology also discounts the forecasts of early stage projects, due to 
the inherent uncertainty of such projects.  The outcome of these estimates resulted in 
current levels of production of +60 000 t reaching slightly more than 100 000 t being 
attained in 2016 and increasing thereafter. 

20.5.5 Demand 

Vanadium is used as an additive in a wide range of steels and alloys, because of its 
properties as an active grain refiner and a deoxident.  It also imparts strength, toughness 
and wear resistance to a steel or an alloy.  Specifically, vanadium has a strong affinity for 
carbon.  This means that when added in minute quantities, vanadium is able to retard 
grain growth and is an effective hardening agent.  Steels account for 85% to 91% of 
vanadium’s use.  Other end-uses are titanium-aluminum alloys and chemicals. 

CPM estimated that demand for vanadium would grow at a compound annual growth rate 
(CAGR) of 4.9% over the projected period from 2008 to 2018.  This was estimated to have 
a likelihood of 70% and was considerably less than the 8.2% CAGR experienced from 
1999 through 2007.  CPM concluded that demand for vanadium in certain end-uses 
namely, certain categories of product steels that track global economic activity will 
fluctuate in tandem with global gross domestic product growth.  Chemical end-uses are 
less likely to be affected.  The availability of substitutes may be one of the factors limiting 
vanadium consumption.  As prices rise, fabricators may switch to other elements such as 
molybdenum, tungsten, titanium manganese and niobium.  However, due to the fact that 
vanadium is used in minute quantities in steel production, substitution may be mitigated, 
particularly since prices of substitutes have also risen in recent years.  CPM has estimated 
global demand for vanadium by year over the period 2008 to 2018. 

CPM also estimated the demand for stainless and tool steel, carbon steel, high-strength 
low-alloy steel, full alloy steel, titanium aluminum alloys and chemicals.  All of which are 
expected to increase over the long term which places an increasing demand on vanadium 
consumption.  An analysis of the energy, transportation, aerospace and construction 
industries also was provided.  

20.5.6 Supply – Demand Balance 

CPM generated an historical market balance from 1999 to 2007 and a forecasted market 
balance for 2008 to 2018.  From 2003 to 2007, the market was in deficit as estimated from 
the available data.  From 2011 to 2018, the market was estimated to be in a future 
surplus. 
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An analysis of inventory was included in CPM’s overall assessment.  However, CPM 
reported that inventory data is not readily available, as strategic reserves are not generally 
reported by governments (U.S.A. being the exception) and since vanadium does not trade 
on any terminal exchange, no inventory levels are reported for the market.  However, an 
analysis can be undertaken by examining market supply and demand data to help reveal 
potential inventory levels.  CPM concluded that the projected months of vanadium supply 
based on a running market balance was expected to decline until 2010 and then remain 
rather-stable until the end of the period under review (2018). 

20.5.7 Price Outlook 

Under CPM’s pricing scenario, both vanadium pentoxide and ferro vanadium prices are 
projected to decline in the next 10 years, but will most likely hold significantly above 
historical averages.  CPM’s analysis point to a positive demand scenario, coupled with 
relatively constrained supplies.  Going forward, the vanadium price seems likely to 
continue to reflect these tight fundamentals even with a modest surplus after 2010.  In 
2009, an increase in vanadium supply (estimated to be 7.5% by CPM) will soften prices 
somewhat with vanadium pentoxide prices predicted to average USD 14.25/lb.  The 
market will remain in deficit through 2010 which would be the eighth successive year of 
deficit.  In 2011, the market is expected to return to a surplus as expansions at existing 
operations and new primary production are slated to come on stream that will result in a 
10.5% increase in supply.  In 2011, prices of vanadium pentoxide are estimated to be 
USD 11.35/lb.  Soon after, in 2013, South Africa is forecast to bring new power facilities on 
line that will allow for producers to resume production at normal capacity utilisation rates.  
In 2013, prices are estimated to be USD 10.25/lb.  From that point, CPM estimates a 
steady decline to USD 8.00/lb for 2018 and beyond. 

Table 20-6 indicates the price schedule for vanadium pentoxide, ferro vanadium. 

Table 20-6 
Price Schedule for Vanadium Pentoxide and Ferro Vanadium 

 
Year Vanadium Pentoxide 

(USD/lb) 
Ferro Vanadium 

(USD/lb) 
Ferro Vanadium 

(USD/kg) 
2008 14.30 35.00 77.16 
2009 14.25 34.00 74.95 
2010 14.00 33.25 73.30 
2011 11.35 29.50 65.04 
2012 10.45 27.20 59.97 
2013 10.25 26.65 58.75 
2014 9.80 25.50 56.22 
2015 9.15 23.80 52.47 
2016 8.90 23.15 51.04 
2017 8.40 21.85 48.17 
2018 8.00 20.80 45.86 
 

Source:  CPM Group 2008 
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Note:  The above ferro-vanadium prices in kg use a pound to kilogram conversion rate of 
0.4536.  They are not indicative of European prices. 

The economic assessment that forms part of this report utilises the ferro vanadium price 
schedule indicated above. 

20.6 Geotechnics and Hydrology 

Hydrological and geological –geotechnical characterisation studies were completed by 
VOGBR and summarised below. 

20.6.1 Hydrological Studies 

(a) Definition of the Pluviometric, Fluviometric and Climatological Data 

The pluviometric and fluviometric data that were adopted for this current study 
were obtained from the Brazilian National Waters Agency – ANA – Agencia 
Nacional de Águas.  The selection of the stations was based on their location, i.e., 
proximity to the Project site and the extension and reliability of their historical data. 
The selected stations are: 

 Pluviometric Station at Fazenda Alagadiço, ANA code - 01340019, and; 
 Fluviometric Station at Roçados, ANA code - 52265000. 

The climatological characterisation has been based on average monthly figures 
from the Ituaçu Station (code 83,292), obtained from the INMET Publication 
entitled “Normais Climatológicas”, 1992. 

(b) Climatological Characterisation 

The Project area is located in the southwestern region of the State of Bahia 
(Brazil), in the municipality of Maracás.  The climate, pursuant to the Koppen 
classification (Climatologia do Brasil, Edmon Nimer, 1979), is determined as being 
hot and semi-arid tropical, with 6 dry months. 

The average annual temperature is 24°C, with December, January and February 
being the hottest months and July and August those with the lowest temperatures. 

The pluviometric regimen is characterised by one rainy period during the summer 
during which the wettest quarter is from November to January and by one dry 
period in the winter during the quarter ranging from June to August.  The average 
annual rainfall is approximately 600 mm.  Figure 20.2 shows the average monthly 
rainfall for the Project region, based on data from the Pluviometric Station at 
Fazenda Alagadiço. 
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Figure 20.2 - Average Monthly Rainfall for the Pluviometric Station at Fazenda 
Alagadiço (ANA Code - 01340019) 
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The region’s evaporation rate is high, close to 1600 mm, with approximately 180 
hours average monthly sunlight and average relative humidity between 50% to 
73%, pursuant to the average monthly data obtained from the Ituaçú weather 
station. 

(c) Hydrographical Characterisation 

The Project area is inserted within the hydrographical basin of the creek that is 
locally known as “João”, which is an affluent to the right bank of the Jacaré River, 
which in turn is a tributary to the Contas River.  The basin extends over 
approximately 57.4 km2 and the length of its main thalweg is 18 km, with 550 m 
difference of elevation and a system of intermittent flow rates 

(d) Intense Rains 

The main characteristics of the intense rains include the total amount of rainfall, 
their spatial and temporal distribution and their frequency of occurrence.  The 
interest given to the study of the intense rains is related to the use rainfall volume 
data in the hydraulic dimensioning of the various structures comprising the Project. 

The figures relative to various return periods for rainfall height and intensity ratio, 
and for duration and frequency which are presented in Table 20-7nd Figure 20.3, 
respectively were derived on the basis of statistical treatment of daily rainfall 
volume figures obtained from the station at Fazenda Alagadiço. 
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Table 20-7 
Rainfall Height Rates 

(mm) 
  

Return Period - TR (years) Duration 2 5 10 20 25 50 100 200 500 1.000 10.000 
5 min 5.76 7.29 8.3 9.27 9.58 10.5 11.5 12.4 13.6 14.6 17.7 
10 min 10.3 13.1 14.9 16.6 17.2 18.9 20.6 22.2 24.5 26.1 31.7 
15 min 14.1 17.8 20.3 22.6 23.4 25.7 28 30.3 33.3 35.6 43.1 
20 min 17.2 21.7 24.7 27.6 28.6 31.4 34.2 37 40.7 43.4 52.7 
25 min 19.8 25.1 28.6 31.9 33 36.2 39.5 42.7 46.9 50.1 60.8 
30 min 22.1 28 31.9 35.6 36.8 40.4 44 47.6 52.4 55.9 67.8 
1hr 31.4 39.7 45.2 50.4 52.1 57.3 62.4 67.5 74.2 79.3 96.2 
2hr 40.4 51.1 58.2 65 67.2 73.8 80.4 87 95.7 102 124 
4hr 48.5 61.3 69.8 78 80.6 88.6 96.5 104 115 123 149 
6hr 52.7 66.7 76 84.8 87.7 96.3 105 114 125 133 162 
8hr 55.6 70.3 80.1 89.4 92.4 102 111 120 132 141 171 
10hr 57.7 73 83.1 92.9 95.9 105 115 124 137 146 177 
12hr 59.4 75.2 85.6 95.6 98.8 109 118 128 141 150 182 
14hr 60.9 77 87.7 97.9 101 111 121 131 144 154 187 
24hr 65.8 83.2 94.7 106 109 120 131 142 156 166 202 

            

 

Figure 20.3 – Intensity, Duration and Frequency Curves 
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(e) Design Output Volumes 

The studies to calculate the design output volumes were performed to provide 
input data for use in the hydraulic dimensioning of the structures envisaged for the 
Project. 

Used as a criterion, the design output volumes correspond to 1,000-yr return 
period high water events.  Table 20-8presents the design flow volumes for the 
envisaged hydraulic structures. 

 
Table 20-8 

 Design Flow Volumes for the Hydraulic Structures 
 
Structure Elements Flow Volume (m³/s) 
Non-Magnetic Tailings Dam Spillway 136.7 

Northern Ridge 20.6 Flood Control System 
Southern Ridge 202.4 

 

(f) Residual Outflow Downstream from the Nonmagnetic Tailings Dam  

The minimum residual outflow, or ecological outflow, is a reference amount that 
must be maintained on the stretch of river downstream from interventions such as 
dams and water intakes. 

A minimum residual outflow volume equal to 5% of the regulated flow with 90% 
guarantee must be maintained on all dams built on watercourses of intermittent 
sources, pursuant to State of Bahia legislation Law No. 01/2007. 

Figure 20.4 shows the flow regulation curve. 

Considering the state legislation, the minimum residual outflow that must be 
maintained downstream from the dam is 6.00 m3/h. 
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Figure 20.4 – Outflows Regulation Curve to the Nonmagnetic Tailings Dam 
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(g) Water Balance for the Nonmagnetic Tailings Dam Reservoir 

The water balance study for the Nonmagnetic Tailings Dam reservoir was 
elaborated to determine the variation of the water level and tailings and the 
possibility of reuse of water for industrial process. 

The principle variables, relating to water influx and outflows, that were used as 
data for this current study are resumed in Figure 20.5 in a schematic manner. 

A summary of the information used in the study is as follows: 

 Total area of the contributing water basin: 53.2 km² 

 Average annual rainfall: 632 mm 

 Average annual evaporation: 1630 mm 

 Residual outflow: 6.0 m³/h 

 Tailings influx (dry base): 207 875 m³/a 

 From tailings (water liberated from tailings slurry): 11.0 m³/h 

 From tailings (water retained within the pores of the solids): 14.0 m³/h 
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 Influx of sediments: 27 710 m³/a 

 Loss via percolation: 0.0 m³/h. 

Figure 20.5 – Water Balance for the Nonmagnetic Tailings Dam Reservoir 
 

 
 

Considering the availability of data and the historical rainfall records, a total of 26 
water balance simulations were performed, for which some the results are 
presented as follows. 

 Figure 20.6 illustrates the water level within the reservoir throughout the dam 
operation period. 

 The average long-term variable figures, in cubic metres per hour, for water 
inflows and outflows are presented in  Figure 20.7. 

 Considering the average long-term variable figures, the water balance for the 
reservoir is positive lightly by 11 m3/h. 

Figure 20.6 – Evolution of the Water Level in the Nonmagnetic Tailings Dam 
Reservoir 
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(h) Overall Water Balance for the Enterprise 

The overall water balance for the enterprise was elaborated to quantify water 
availability for the Project and consequently to provide input data for a more 
precise and rational planning of water usage by the enterprise. 

Figure 20.7 shows a water balance flow chart for the enterprise, involving the 
structures under consideration, the relationship between them and their 
corresponding flow rates. 

Figure 20.7 – Flow Chart of the Overall Water Balance for the Project 

 
The total water demand of 374.5 m³/h by process activities, as shown by the water 
balance flow chart, is to be replenished from three sources, namely: 184.0 m³/h 
from the raw-water intake at the Barragem de Pedra; by 3.1 m³/h present in the 
crevices within the ore; and 190.6 m³/h by return process water. 

Note that neither the tailings dam reservoir nor the pit dewatering process were 
considered as supply sources to meet the demand for new water.  However, a plan 
involving the inclusion of these structures could, even though in a partial and 
intermittent manner, reduce the demand for water intake from the Barragem de 
Pedra.  Accordingly, a possible reduction in the demand signifies a direct reduction 
of operational costs. 
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20.6.2 Geological / Geotechnical Characterisation of the Overall Project Area 

The geological / geotechnical characterisation of the Vanádio Maracás Project area is 
intended to provide input data for engineering design work, namely: the pit, process plant 
installations, waste and stockpiles, tailings disposal system and flood control system. 

The main activities performed to achieve the proposed objectives are summarised as 
follows: 

 overall geological / geotechnical mapping of the entire installation area and adjacent 
areas, envisaging the recognition, characterisation, distribution and use of the 
overburden and outcropping substrate rock materials as cut and fill and foundation 
material 

 mapping of areas subject to flooding and waterlogged areas, expressive erosion 
features, landslides and areas with rock boulders 

 scheduling and analysis of field investigations and monitoring consisting of inspection 
test pits, to allow direct viewing of the different types of soils / saprolite "in situ" 

 elaboration of geological / geotechnical vertical sections for the main units within the 
development, after their locations have been defined in the Master Plan, and diagnosis 
of the foundation conditions of the main component units of the Master Plan 

 evaluation and compilation of the former studies elaborated by the company PAULO 
ABIB Engenharia S.A. 

 diagnosis of the foundations conditions of the main components units of the Master 
Plan. 

Note that the geotechnical investigations and test data used in this phase of the Project 
were obtained from the studies conducted by the company PAULO ABIB Engenharia S.A. 

(a) Overall Geological / Geotechnical Characteristics 

The geological / geotechnical mapping for the Project area, in conjunction with the 
geotechnical investigations (PAULO ABIB geotechnical program) that were also 
performed allowed the identification, characterisation and distribution of the 
different types of materials throughout the area. 
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Type of Material Tactile-Visual Classification Average Thickness 
(m) 

Alluvium 

Yellowish brown, fine to medium-sized sand, 
with boulders and pebbles of quartz, and other 

more rarely encountered types of rounded 
rock (quartzites, andesites). 

0.2 to 0.5 

Red Colluvium 
 
 

Clayey silt and / or sandy silt matrix, red 
colored with small amounts of pebbles and 

granules of quartz or other rock. 

0.5 to 3.0 
(Max. 8) 

Brown Colluvium 
Brown colored matrix, normally silty, with 

variable quantities of granules and pebbles of 
weathered rock and / or quartz. 

0.5 to 2.0 
 

Residual Soil / 
Saprolite 

Soils consisting of clayey-silty material with 
amounts of sand and fragments of weathered 

rock, which may in places, contain foliation 
structures and / or veins of quartz. 

1.5 to 3.0 (max. 10) 

Outcrops 
Slightly or very weathered and / or fractured 

undifferentiated rocks, consisting of granitoids, 
gabbros, pegmatites, andesites, etc. 

- 

(b) Geolgoical / Geotechnical Characteristis of the Unit’s Foundations 

 Process Plant 

The industrial area is planned to be installed south of the future pit, where 
natural elevations range from 300 to 325 m.  The residual soils encountered 
throughout the area are constituted by clayey-silty material, which presents 
sandy portions of very firm to hard consistency within its matrix.  The NSPT 
hammer rating generally varies from 20 to 35 strokes.  The top of the rock layer 
is in general very shallow, between 1.0 to 4.0 m.  However, the top of the rock 
layer can be deeper in localized areas (down to 10 m).  The band of weathered 
rock is in general 2.0 to 3.0-m thick, below which bedrock is encountered. 
Ground water level varies from 0.5 to 12.0 m. 
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 Non-Magnetic Tailings Dam 

The area destined for the installation of the Nonmagnetic Tailings Dam is 
located southwest of the Gulçari A target within the João Creek basin. 
Brownish colluvial (silty) material occurs on the surface of the area.  The 
presence of residual soil / saprolite, which normally has a firm to very firm 
consistency, can be seen to be in contact with this colluvium.  The contact 
between the soil / rock occurs not deeper than 3.5 m within the area.  The 
presence of medium sized sand and outcrops of rock is a common occurrence 
within the drainage channels. 

 Flood Control System 

Brownish silty colluvium (northern ridge) or red silty-clayey colluvium (part of 
the southern ridge) are present but both with thin layers. Underneath, residual 
soil / saprolite is found, with SPT figures normally higher than 30. This material 
can present minimum thickness of 1 to 2 m, close to drainage channels, and 
ranging up to approximately 11 m in higher regions.  The top of the rock layer, 
in these places, occurs at depths of around 12 m. Groundwater is encountered 
close to the soil / rock contact depth. 

 Ore Stockpile 

The ore stockpile is to be installed between the altitudes of 300 to 311 m and is 
practically entirely situated on top of a silty-clayey brown colluvium that covers 
the area, below which there lies a layer of residual soil / saprolite, 
approximately 4-m thick, and beneath which is the top of the rock layer, formed 
by a small portion of weathered rock (2- to 3-m thick). 

 Waste Pile  

The waste pile is located northwest of the Gulçari A target. The region is 
overlain with brown colluvial soil less than 1-m thick. The residual soil / 
saprolite, which is firm to very firm, is no more than 4-m thick in places.  The 
NSPT for this material is close to 50 strokes. The top of the rock layer is 
encountered at the very shallow depth of around 3 m. 

 Tailings Disposal Ponds (Leached Calcine and Chloride Control Purge Ponds) 

Both the leached calcine and the chloride control purge ponds, which are 
located south of the industrial plant, are almost entirely located over silty brown 
colluvium that contains varying amounts of pebbles. The layer of residual soil / 
saprolite in these areas is encountered at a depth of 4 or 5 m.  The top of the 
rock layer can occur in places at down to 10-m depth. The water level was 
estimated to occur, in more topographically elevated portions, at approximately 
6-m depth. 
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20.6.3 Master Plan Studies 

(a) Nonmagnetic Tailings Dam 

The studies relating to the disposal of the nonmagnetic tailings generated by the 
beneficiation plant are presented in this item. 

The tailings dam, situated on the João Creek at the latitude 13° 42’ 28”S and 
longitude 40° 42’ 11”W, is destined to receive the primary tailings originating from 
the ore beneficiation process and furthermore to retain some of the sediments 
originating from the creek basin. 

The proposed tailings containment system consists of a reservoir formed by a dam 
with a rock-fill structure on the downstream side and sealed by compacted clayey / 
saprolitic material on the upstream side. 

The proposed arrangement will suffice to contain around 6 250 000 m3 of tailings 
that will be produced during the mine’s 30 years of working life.  The crest of the 
final dam structure will be at 291-m elevation and tailings will reach 286-m 
elevation.  The construction sequence will proceed through three stages, namely: a 
primary dam structure followed by two height increases.  The primary dam 
structure is envisaged to suffice for the first year of plant operation.  The two height 
increases correspond with the envisaged horizon at the third year of operation and 
at the final dam situation. 

The dam construction sequence basically consists of stages of vegetation clearing, 
removal of organic topsoil and other material until the depth appropriate for the 
foundations and dam construction is reached, to be followed by the placement, 
spreading and compaction of the various materials that will comprise the dam 
structure. 

The dam design features also include the installation of riprap on the upstream 
side of the structure to protect against wave action, as well as layers of sand filter 
and other larger grained transition material between the clayey / saprolitic material 
and the compacted rock fill.  The downstream embankment must be vegetated to 
provide protection against surface erosion and the berms must be slanted 
appropriately at the minimum angles necessary for surface water runoff. 

The borrowed materials will be obtained from the earthmoving operations to 
uncover the open pit and from necessary excavations at other units of the 
enterprise. 

The dam structure will be, considering a working life of 30 years, 22-m high, 710-m 
long and will have 334 000-m3 volume.  Figure 20.8 presents a typical cross-
section of the NonmMagnetic Tailings Dam and its most relevant characteristics 
are shown in Table 20-9. 

 



 
 
 
 

 
I:\Proj\182100\WP\RPT\43-101 Report\REVISED MAY 2009\Item 20.doc 20-61 

Figure 20.8 – Typical Cross-section of the Nonmagnetic Tailings Dam 
 

 
 
 

Table 20-9 
Main Characteristics of the Nonmagnetic Tailings Dam 

 
NON-MAGNETIC TAILINGS DAM 
Maximum height (m) 22
Length of dam structure (m) 710
Maximum crest elevation (m) 291
Minimum downstream elevation (m) 269
Slant of upstream-side embankment 1V:2H
Slant of downstream-side embankment 1V:1.5H
Berm width (m) 4
Crest width (m) 11
Height of slopes between berms (m) 11
Tailings capacity - volumetric (El.286) (m3) 6 250 000
Area occupied by tailings (El. 286) (m2) 1 245 000
Maximum capacity - volumetric (El. 288) (m3) 9 100 000
Maximum area occupied  (El. 288) (m2) 1 600 000
  

 

The Elevation x Area x Volume curve for the reservoir is presented in Figure 20.9. 
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Figure 20.9 – Reservoir Elevation x Volume 
 

 
 

Auxiliary Dike (“Dique de Fundo”) 

The upper end of the area occupied by the tailing dam reservoir, at its farthest 
point upstream, could interfere with the open-pit region and lead to an influx of 
tailings / water into the pit.  To prevent such an encroachment by the reservoir, the 
building of a dike, named Auxiliary Dike, has been envisaged. 

This dike, as well as the pit-protection ridges, will be comprised by rock fill 
originating from the pit, together with compacted earth and transition material 
placed between the foregoing.  The main characteristics of the Auxiliary Dike are 
presented in Table 20-10 

Table 20-10 
Main Characteristics of the Auxiliary Dike 

 
End Dike 
Maximum height (m) 4
Length of structure (m) 60
Maximum crest elevation (m) 291
Minimum downstream-side elevation (m) 287
Slant of upstream-side embankment 1V:1,5H
Slant of downstream-side embankment 1V:1,5H
Crest width (m) 6
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(b) Tailings Disposal Ponds  

The tailings generated by the beneficiation process, by the vanadium ore 
processing plant, and the primary tailings are of four types, namely: 

 leached calcine from the processing kiln discharge 

 filter cake from the desilication process 

 ferro vanadium slag 

 chloride control purge from the evaporation circuit. 

 

The leached calcine tailings, desilication process tailings and ferro vanadium slag 
will all be discharged into the same structure (pond).  This structure has been 
designated herein as the Leached Calcine Tailings Pond.  The chloride control 
purge tailings are to be deposited in a separate pond. 

The envisaged construction location for these ponds is south of the open pit, close 
to the industrial plant. 

The dikes to form the ponds will be built using compacted earth (residual soil / 
saprolite) and their base areas will be leak proofed using double-layer 
geomembrane liner featuring a leak detection system. The construction sequence 
consists of clearing vegetation from the areas to be occupied by the ponds, 
removal of organic material and excavation of material inappropriate for 
foundations. The entire perimeter of each pond will be protected by rock-fill 
channels. 

The leached calcine pond will be built initially to cater for a first stage of 2-yr 
operation. The pond will later be expanded to maximum capacity for 30 years of 
mine operation. The Chloride Control Purge Pond will be built at the outset to its 
maximum capacity due to the small volume of tailings to be produced during the 30 
years of mine operation. 

The typical sections of the leached calcine tailings pond and the chloride control 
purge pond are presented in Figures 20-10 and 20-11, respectively. 

Figure 20.10 – Typical Cross-Section of the Leached Calcine Tailings Pond 
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Figure 20.11 – Typical Cross-Section of the Chloride Control Purge Pond 
 

 
 

The disposal of tailings in the Leached Calcine Tailings Pond should be done in an 
alternating and systematic manner; thereby, uniformly distributing the silica tailings 
and the ferro vanadium slag in the leached calcine slag, as illustrated in 
Figure 20.12. 

Figure 20.12 – Leached Calcline Tailings Disposal Methodology 
 

 
The methodology illustrated in Figure 20.12 represents the production of these 
three types of tailings, as shown in Table 20-11. 

 
Table 20-11 

Tailings Produced and Deposited in Tailings Ponds 
 

Tailings Production (91%) 
(m3/h) 

Leached Calcine 17.4 
Desilicated 0.9 
Ferro vanadium 0.36 
Chlorine composite 2 
  

 

The main geometric characteristics of the tailings ponds are presented in 
Table 20-12. 
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Table 20-12 
Main Geometric Characteristics of the Tailings Pond 

 
Leached Calcine Tailings Pond 
Maximum dike height (m) 12
Area occupied (m2) 240,000
Maximum capacity - volumetric (m3) 5 000 000
Slant of pond slope 1V:2H
Slant of pile slope 1V:3H
Maximum height of the slopes between the 
pile berms (m) 10

Pile berm width (m) 5
Pond crest width (m) 7
Chloride Control Purge Pond 
Maximum height (m) 5
Area occupied (m2) 20,000
Maximum capacity - volumetric (m3) 35,000
Slant of pond slope 1V:2H
Pond crest width (m) 7
 

 

(c) Flood Control System 

The area destined for the open pit intercepts the João Creek and three direct 
tributaries. Consequently, this warrants the installation of a protection system to 
impede the influx of surface water runoff into the pit to enable mining activities to 
proceed. 

For the initial phase, VOGBR, envisaged the pit protection system to consist of 
dikes and channels. The reason for the selection of this alternative pondered a 
stronger balance between the volume of earth cuts and landfills. However, 
following ensuing project development, Vanádio de Maracás decided to use a 
system of protection ridges because of the proximity and usage of material from 
within the open pit. 

The said system was conceived consisting of a pair of ridges located around the 
open pit, denominated as the Northern Ridge and the Southern Ridge. The 
objective is to redirect the waters to points downstream from the open pit and to 
discharge them into the reservoir of the Nonmagnetic Tailings Dam. The protection 
ridges form a barrier around the open pit to intercept the watercourses and to raise 
their water levels, so they can naturally surpass the topographical elevation 
variations and flow by gravity bearing the surface runoff downstream from the open 
pit. 
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The definition of the structures was in keeping with the adoption of a 100 m 
minimum distance from the final pit limit. Furthermore, issues relating to the 
volume of landfill, feasibility of execution and hydraulic workings were also 
considered in efforts to optimize the adopted system. 

The protection ridges will be installed pursuant to the mining activity plan defined 
for the open pit. The Northern Ridge should be completed by the close of Year 1, 
while the Southern Ridge will be required for mining activity development as of 
Year 4. Remember also that vegetation clearing, removal of organic materials and 
excavation of nonappropriate materials for foundation must precede the foregoing. 

The use of overburden material from the open pit was considered as a premise 
when dimensioning the protection ridges. Accordingly, the ridge structures were 
conceived consisting of rock fill, transition material and compacted earth (residual 
soil / saprolitic material). 

The borrow materials that will be used for the ridge construction are to be obtained 
from the open pit, the actual ridge location and the industrial plant area.  Rocky 
overburden (processed material) is envisaged for use as transition material within 
the ridges. 

Table 20-13 presents a summary of the main characteristics of the ridges. 

Table 20-13  
Main Characteristics of the Ridges 

 
Ridges Characteristics Northern Southern 

Maximum height (m) 14 13 
Length of structure (m) 915 875 
Maximum crest elevation (m) 312 313 
Minimum downstream elevation (m) 298 300 
Slant of upstream-side embankment 1V:1.5H 1V:1.5H 
Slant of downstream-side embankment 1V:1.5H 1V:1.5H 
Crest width (m) 6 6 
   

(d) Waste and Stockpiles 

This item presents and analyses the arrangement of the waste pile and ore 
stockpile elaborated by NCL do Brasil on the basis of the geometric parameters 
provided by VOGBR. 

The material originating from the open pit, which will be placed on the waste pile or 
the ore stockpile, is predominantly rocky consisting of boulders of varying sizes. 
The area destined for the waste pile covers approximately 48 ha and the area for 
the ore stockpile is approximately 22 ha. in extension. 

NCL elaborated the arrangements for both the waste pile and the ore stockpile 
based on the geometric parameters provided by VOGBR. The elevation of the 
waste pile crest is 360 m and the ore stockpile crest is 325 m. 
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The geometry of the proposed waste pile stipulated the following elements: 

 Bench face angle = 36° 

 Overall angle = 26° 

 Berm width = 8 m 

 Height of banks = 10 m 

 Width of ramps = 15 m 

 Maximum pile height = 60 m 

 Area occupied = 48 ha 

 Capacity = 130 Mt. 
 

The ore stockpile presents the following geometry: 

 Bench face angle = 35,5° 

 Overall angle = 25,8° 

 Berm width = 20 m 

 Height of banks = 15 m 

 Width of ramps = 15 m 

 Maximum pile height = 30 m 

 Area occupied = 22 ha. 

20.7 Project Economics 

20.7.1 Taxes and Royalties 

The Project is subject to the following Federal tax being levied. 

 Federal income tax rate of 25% is applied to the life-of-mine duration.  An incentive is 
in effect that permits the Federal tax amount to be discounted by 75%. 

 The Project is subject to the following royalties: 

• Mineral Research Corp. of the State of Bahia (2%) 
• CANCAP (2.55%) 
• State of Bahia (2%) 
• Landowners (1%). 

20.7.2 Capital Costs 

The capital cost for mining and surface facilities as described within this Report is 
USD 270.6 million in second quarter 2008 United States dollars. 

The capital cost is summarised in Table 20-14 and is inclusive of the costs up to and 
including plant commissioning and start up. 
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Table 20-14 
Project Capital Cost Summary 

 
Project Area Description Cost 

(USD ‘000) 

Direct Costs  

Mining 621.7 

Process Plant 112, 804.6 

Infrastructure On-site 39,492.5 

Infrastructure Off-site 17,658.9 

Total Direct Costs 170,577.6 
Indirect Costs  

Project Indirect Costs 42,498.8 

Owner Costs 11,731.1 

Subtotal Direct and Indirect 224,809.5 
Total Contingency 45,757.5 
TOTAL PROJECT CAPITAL COST 270,567.0 
  

All costs are expressed in second quarter 2008 US dollars with no allowance for 
escalation, interest or financing during construction. 

20.7.3 Operating Costs 

Operating cost estimates for the Report are prepared by area and component, and 
considers the mining plan and processing schedule.  Operating costs are in second 
quarter 2008 US dollars with no allowance for escalation. 

Life-of-mine operating costs are presented in Table 20-15. 
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Table 20-15 
Operating Cost Summary 

  
 USD/t Mined(I) 
Mining 3.45 
Processing 27.19 
G&A 1.62 
Subtotal 32.25 
Royalties 3.71 
TOTAL 35.96 
  

(I) Includes ore and  waste. 

20.7.4 Economic Analysis 

A financial model for an open-pit mine with an annual production rate of 581 000 t was 
prepared.  Key production and financial parameters are summarised in Table 20-16. 

Table 20-16 
Financial and Production Data 

  
Annual pit throughput 581 000 t 
Mine life 23 years 

Average grade 1.35% V2O5 

Recovered V in FeV 70 648 t 

Average value USD 20.83/lb 
  

The annual cash flow is summarised for both pre-tax and after tax in Table 20-17. 
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Period Calendar
Year Year Pre-Tax After Tax
-3 2008 13,528-       13,528-    
-2 2009 108,227-     108,227-   
-1 2010 121,755-     121,755-   
1 2011 105,096     99,323    
2 2012 162,871     153,542   
3 2013 168,684     159,047   
4 2014 156,595     147,722   
5 2015 132,230     124,904   
6 2016 131,292     123,994   
7 2017 121,527     114,784   
8 2018 112,036     105,845   
9 2019 88,111       83,421    
10 2020 67,702       64,305    
11 2021 65,214       61,389    
12 2022 102,165     96,030    
13 2023 84,930       79,857    
14 2024 17,057       16,213    
15 2025 17,423       16,518    
16 2026 17,423       16,476    
17 2027 17,423       16,476    
18 2028 17,423       16,476    
19 2029 16,915       16,000    
20 2030 17,073       16,150    
21 2031 17,423       16,483    
22 2032 17,423       16,483    
23 2033 11,630       11,052    
24 2034 3,418-         3,418-      

Table 20-17
Annual Cash Flow

(USD x '000)

 

The Internal Rate of Return (IRR) for the Project is 43.9% pre-tax and 41.7% after tax.  
The payback period is 1.8 years pretax and 1.9 years after tax.  The Net Present Value 
(NPV) at various discount rates is presented in Table 20-18. 

Table 20-18 
Net Present Values (mid-year) 

  
Discount Pre-tax After Tax 
5.0% 813,853 756,093 

7.5% 628,052 581,372 

10.0% 488,935 450,666 

12.5% 383,029 351,264 
   

Table 20-19 presents three sensitivity analyses for the Project.  The base reference point 
in each of the analysis is the after-tax NPV at 10%. 
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The Project is exposed to our main factors affecting the financial aspects: capital cost, 
operating cost, revenue and Federal taxation. 

450,666 90% 95% 100% 105% 110%
90% 518,526   495,900   473,274   450,648   428,021   
95% 507,222   484,596   461,970   439,344   416,718   

100% 495,918   473,292   450,666   428,040   405,414   
105% 484,615   461,988   439,362   416,736   394,110   
110% 473,311   450,685   428,059   405,432   382,806   

450,666 90% 95% 100% 105% 110%
110% 605,825   583,056   560,286   537,516   514,747   
105% 550,872   528,174   505,476   482,778   460,080   
100% 495,918   473,292   450,666   428,040   405,414   
95% 440,965   418,411   395,856   373,302   350,747   
90% 386,012   363,529   341,046   318,564   296,081   

450,666 -10% -5% 0% 5% 10%
110% 564,844   562,565   560,286   558,007   555,728   
105% 509,668   507,572   505,476   503,380   501,284   
100% 454,493   452,580   450,666   448,753   446,839   
95% 399,318   397,587   395,856   394,125   392,395   
90% 344,142   342,594   341,046   339,498   337,950   

Revenue

After-Tax NPV @ 10% (USD x '000)

Revenue

Change in Taxation (Federal)
After-Tax NPV @ 10% (USD x '000)

Capex - Including Sustaining and Closure

Opex - Including Royalties

Table 20-19
Sensitivities

Opex - Including Royalties
After-Tax NPV @ 10% (USD x '000)

 

20.7.5 Project Execution Plan 

The Project execution plan schedule is presented in Figure 20.13.



Activity
ID

Activity
Description

Orig
Dur

Early
Start

Early
Finish

MARACÁS VANADIUM PROJECT
MILESTONES
M010 Issue NI-43-101 Report 0 29SEP08*

M020 Complete DFS Report 0 31OCT08*

M030 Start Basic Engineering 0 15OCT08*

M040 Start Detail Engineering 0 27FEB09*

M050 Start Construction 0 01OCT08

ENGINEERING
E010 Basic Engineering 195 15OCT08 14JUL09

E020 Detail Engineering Design 220 27FEB09 31DEC09

CONSTRUCTION
C010 Power Line Construction 388 05JAN09* 30JUN10

C020 Front End Mobilization (by Subconsultants) 195 01OCT08 30JUN09

C030 Process Plant Constrution 455 23MAR09* 17DEC10

COMMISSIONING
C110 Commissioning 100 02AUG10 17DEC10

START UP
S010 Start up 0 20DEC10

RAMP UP
S110 Commence Ramp Up - 75 % 130 20DEC10 17JUN11

S120 Ramp Up to 90 % 0 20JUN11

2008 2009 2010 2011
A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A SOCT

© Primavera Systems, Inc.

Start Date 29SEP08
Finish Date 17JUN11

A001 Largo Resources Ltd.
Maracás Vanadium Project

Project Execution Plan
Summarised Schedule

Sheet 1 of 1

Figure 20-13
182100

Aker Solutions
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21 Interpretation and Conclusions 
With the Maracás property, a vanadium deposit in central Brazil, Largo has acquired a mid- 
to advanced-stage project.  Several programs of surface mapping and diamond drilling and 
a significant amount of metallurgical and engineering studies have been completed there 
since the 1980’s.  A vanadium-titanium-PGM-mineralised mafic to ultra mafic intrusion has 
been outlined to a depth of at least 320 m by the current and historic drilling. 

Largo retained Micon to complete an initial preliminary economic assessment (Jacobs et al. 
2007) using the initial inferred mineral resource (Hennessy, 2006).  It completed an 
exploration program consisting, in part, of a series of infill and twinned diamond drill holes, 
the purpose of which was to gather more PGM assay data and to provide further 
confirmation of the work done by previous operations.  The results allowed an update of the 
2006 mineral resource estimate and the upgrading of those resources to the measured and 
indicated confidence categories, as presented in Hennessy, 2007. 

The updated mineral resource estimate has used the assumption that the vanadium would 
be mined by open-pit mining and that the previous metallurgical and engineering testwork 
had demonstrated that the vanadium was recoverable.  No significant testwork had been 
done on the recovery of titanium and no titanium resource is being claimed.  However, it 
was assumed that a PGM concentrate could potentially be produced at Maracás and, 
therefore, a platinum and palladium resource has been estimated. 

The resultant mineral resource has been described in Item 19 and is summarized in 
Table 21-1. 

The vanadium grade is presented as vanadium pentoxide as is the custom in the industry. 
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Table 21-1 
Gulçari A Deposit Mineral Resource1 

 
 
 
Category / Zone 

 
Tonnes 

 
V2O5 
(%) 

 
Pt 

(g/t) 

 
Pd 
(g/t) 

 
PGM 
(g/t) 

Contained 
V2O5  

(t) 

Contained 
V2O5  
(lb) 

Measured  
Magnetite Zone 2 450 000 2.17 0.39 0.15 0.54 53 300 117 300 000 

Indicated 
Magnetite Zone 5 920 000 1.90 0.23 0.11 0.34 112 700 247 900 000 

TOTAL 8 370 000 2.00 0.28 0.12 0.40 166 000 365 200 000 
 

Measured 
Magnetite-Pyroxenite Zone 3 410 000 0.92 0.20 0.06 0.26 31 400 69 100 000 

Indicated 
Magnetite-Pyroxenite Zone 5 480 000 0.93 0.12 0.07 0.19 50 900 112 000 000 

TOTAL 8 890 000 0.93 0.15 0.07 0.22 82 300 181 100 000 
 

GRAND TOTAL 17 260 ,000 1.44 0.21 0.09 0.30 248 300 546 300 000 
        

1 Resources within a USD 3.50 Whittle pit shell using USD 42.23/t operating costs and reported at a 0.66% 
V2O5 cutoff grade. 

In 2008 Largo retained Aker Solutions to carry out engineering and economic studies to 
allow the estimation of reserves and to determine the metallurgical process required to treat 
the Maracás vanadium ore. 

Calculation of open-pit reserves were completed by NCL Brazil and were presented in Items 
19.12 and 20.1.  The total reserves available for mining are presented in Table 21-2 below. 

Table 21-2 
 Total Mining Reserve Summary (1)(2)(3) 

 
Ore Source 
 

‘000 t
 

V2O5 
(%) 

Contained V in FeV 
(t) 

Proven Reserve 7 341 1.28 33 451 
Probable Reserve 5 738 1.42 29 050 
Total Reserve 13 079 1.34 62 502 
   
TOTAL MATERIAL 42 188 Strip ratio 2.23 
 

(1) Based on a price for contained vanadium in ferro vanadium of USD 23.08/kg. 
(2) The Mineral Reserves as set out in the table above have been estimated by Carlos Guzmán of NCL 

Brasil Ltda, who is a Qualified Person under NI 43-101 and Member of the AusIMM. 
(3) Numbers may not add up due to rounding. 

Metallurgical testwork was carried out by SGS to examine the possibility of recovering 
platinum and palladium.  The results of this testwork indicated that recovery of these two 
minerals was not economic at this time. 
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During the preparation of the process flow sheet Aker Solutions reviewed operating 
conditions at existing vanadium processing plants.  Discussion with these operators as well 
as a review of technical reports referenced in Item 18.2 and Aker Solutions in-house 
expertise resulted in the flow sheet presented in Figure 20-5.  It comprises three stages of 
crushing, one stage of grinding and two stages of magnetic separation, magnetic 
concentrate roasting, vanadium leaching, ammonium meta vanadate (AMV) precipitation, 
AMV filtration, AMV calcining to an intermediate V203 product followed by smelting to 
produce ferro vanadium (FeV). 

The plant has been sized to process 581 000 t/a (at a ROM average feed grade of 1.798%  
V2O5 for the first 13 years).  The plant operates 365 days per year, 7 days per week, 24 
hours per day with a utilization of 90% resulting in an average throughput of 73.7 t/h.  The 
plant will produce an equivalent 7 487 t/a V2O5 or approximately 4 191 t/a of vanadium in 
ferro vanadium alloy at an estimated overall recovery of 71.6%. 

Aker Solutions has prepared capital cost and operating cost estimates, as well as an 
economic analysis. 

The estimated capital costs for mining and surface facilities are USD 270.6 million in second 
quarter 2008 United States dollars. 

The operating costs estimates for life of mine by area are presented in Table 21-3. 

Table 21-3 
Operating Cost Summary 

  
 USD/t Mined(I) 
Mining 3.45 
Processing 27.19 
G&A 1.62 
Subtotal 32.25 
Royalties 3.71 
TOTAL 35.96 
  

(I) Includes ore and waste. 

The Project is subject to the following federal tax being levied. 

 Federal income tax rate of 25% is applied to the life-of-mine duration.  An incentive is in 
effect that permits the federal tax amount to be discounted by 75%. 

 
 The Project is subject to the following royalties: 

• Mineral Research Corp.  of the State of Bahia (2%) 
• CANCAP (2.55%) 
• State of Bahia (2%) 
• Landowners (1%). 

The annual cash flow is summarized for both pre-tax and after tax in Table 21-4. 
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Period Calendar
Year Year Pre-Tax After Tax
-3 2008 13,528-       13,528-     
-2 2009 108,227-     108,227-   
-1 2010 121,755-     121,755-   
1 2011 105,096     99,323     
2 2012 162,871     153,542   
3 2013 168,684     159,047   
4 2014 156,595     147,722   
5 2015 132,230     124,904   
6 2016 131,292     123,994   
7 2017 121,527     114,784   
8 2018 112,036     105,845   
9 2019 88,111       83,421     
10 2020 67,702       64,305     
11 2021 65,214       61,389     
12 2022 102,165     96,030     
13 2023 84,930       79,857     
14 2024 17,057       16,213     
15 2025 17,423       16,518     
16 2026 17,423       16,476     
17 2027 17,423       16,476     
18 2028 17,423       16,476     
19 2029 16,915       16,000     
20 2030 17,073       16,150     
21 2031 17,423       16,483     
22 2032 17,423       16,483     
23 2033 11,630       11,052     
24 2034 3,418-         3,418-       

Table 21-4
Annual Cash Flow

(USD x '000)

 

The IRR for the Project is 43.9% pre-tax and 41.7% after tax.  The payback period is 1.8 
years pretax and 1.9 years after tax.  The NPV at various discount rates is presented in 
Table 21-5. 

Table 21-5 
Net Present Values (mid-year) 

  
Discount Pre-tax After Tax 
5.0% 813,853 756,093 

7.5% 628,052 581,372 

10.0% 488,935 450,666 

12.5% 383,029 351,264 
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Table 21-6 presents three sensitivity analyses for the Project.  The base reference point in 
each of the analyses is the after-tax NPV at 10%. 

The Project is exposed to four main factors affecting the financial aspect: capital cost, 
operating cost, revenue and federal taxation. 

450,666 90% 95% 100% 105% 110%
90% 518,526   495,900   473,274   450,648   428,021   
95% 507,222   484,596   461,970   439,344   416,718   

100% 495,918   473,292   450,666 428,040   405,414   
105% 484,615   461,988   439,362   416,736   394,110   
110% 473,311   450,685   428,059   405,432   382,806   

450,666 90% 95% 100% 105% 110%
110% 605,825   583,056   560,286   537,516   514,747   
105% 550,872   528,174   505,476   482,778   460,080   
100% 495,918   473,292   450,666 428,040   405,414   
95% 440,965   418,411   395,856   373,302   350,747   
90% 386,012   363,529   341,046   318,564   296,081   

450,666 -10% -5% 0% 5% 10%
110% 564,844   562,565   560,286   558,007   555,728   
105% 509,668   507,572   505,476   503,380   501,284   
100% 454,493   452,580   450,666 448,753   446,839   
95% 399,318   397,587   395,856   394,125   392,395   
90% 344,142   342,594   341,046   339,498   337,950   

Capex - Including Sustaining and Closure

Opex - Including Royalties

Table 21-6
Sensitivities

Opex - Including Royalties
After-Tax NPV @ 10% (USD x '000)

Revenue

After-Tax NPV @ 10% (USD x '000)

Revenue

Change in Taxation (Federal)
After-Tax NPV @ 10% (USD x '000)

 

Conclusions 

 The Maracás deposit is still open down dip and is of significant width (up to 150 m) 
despite its relatively short strike length.  Other under-explored vanadium mineralization 
is also known to exist on the Maracás property.  It is Micon’s opinion that Largo is 
justified in pursuing further exploration and engineering studies of the Galcari A deposit 
and in exploring further the similar, mineralized structures on the Maracás property. 

 A large deposit of vanadium-rich titaniferous magnetite mineralization has been 
demonstrated to be hosted by a coarse-grained pyroxenite / gabbro intrusive complex on 
the Maracás property.  A potential economic mineral resource has been estimated from 
95 diamond drill holes and 21 trenches on the property. 

 The average grade in the Galcari A deposit, at 1.44% V2O5, is high when compared to 
other known vanadium mines of similar geology currently in production. 
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 The environmental assessment asserts that the proposed reclamation will provide the 
necessary mitigation for disturbing the land.  However, it is uncertain as to whether the 
government will accept this as full mitigation.  Given the high diversity of species in the 
area, the presence of four vulnerable plant species and four endangered bird species, 
additional mitigation and compensation may be requested to offset residual habitat loss 
for the footprint of the open pit and the tailings impoundment.  Additional compensation 
measures could include restoration of surrounding areas affected by farming activities 
back to natural caatinga forest habitat.  This could be an additional measure taken to 
conserve biodiversity if international financing is sought from lenders that subscribe to 
the Equator Principles. 

 A high level of importance was assigned to the beneficial socio-economic effects of the 
Project on the surrounding communities.  To maximize the benefits to the local 
community and to mitigate the adverse effects following mine closure, a number of 
measures have been drawn up by Largo. 

 There is potential to add value to the Project by producing at a higher annual rate which 
would warrant further investigation by Largo. 

 The recent work by NCL have identified 7 341 000 t of proven reserves at 1.28% V2O5 
and 5 738 000 t of probable reserves at 1.42% V2O5 based on a price of 23.08 per 
kilogram for contained vanadium in ferro vanadium. 
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22 Recommendations 

The study concludes with a number of recommendations directed at providing additional 
data for the next phase of the Project, with particular emphasis on geotechnical and 
metallurgical testwork.  The recommendations are as follows: 

 It is Micon’s opinion that the outlying mineral deposits at the Maracás Project merit 
further exploration. 

 Future drilling programs should include further specific gravity measurements as a 
check on the old measurements used in this report.  Should more drilling not be 
needed, further specific gravity tests should be made of the existing core. 

 Conceptual process material balance calculations should be reworked using most 
recent specific gravity determinations. 

 VOGBR recommend that the following work be carried out to determine geotechnical 
characteristics. 

• Topographic field survey; 

• Investigation wells for direct viewing of different types of soils and / or saprolites “in 
situ” and for collecting samples for laboratory test; 

• Auger investigations to characterize different types of soils and for collecting 
samples for laboratory tests; 

• Percusion drilling with SPT (Standard Penetration Test) testing for characterization 
of different types of soils and  / or saprolites;  

• Rotary drilling to evaluate geotechnical characteristics of different types of soils 
and lithologies; 

• Drilling of monitoring wells and instillation of piezometers to monitor water levels; 

• Characterization tests (grain size, Atterberg limits and Normal Proctor compaction), 
triaxial test of representation soil samples;  

• Selection and analysis of rock samples to be used as concrete aggregates;  

• Infiltration tests performed in percussion and rotary drilling boreholes, to determine 
the permeability of different types of soils; 

• Packer test in rotary drilling boreholes to evaluate the permeability in different 
lithologies; 

 The need for any geotechnical drilling required for open pit planning should be 
examined. 

 Confirmatory testwork, based on current design criteria, to produce V2O3 as an 
intermediate product should be done. 
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 Given the potential to add further value to the Project through operation at a higher 
rate of production, both marketing aspects and the technical feasibility of a larger scale 
operation should be examined. 

 Further study into the marketing or processing of the leached material should be 
examined. 

 The geological data in this Report are current as of October 2007.  The property 
concession data is current as of April 11, 2006.  The information concerning the 
mineral resource estimated is current as of November 7, 2007.  The information 
concerning the reserve estimate is current as of August 2008.  The information 
concerning processing is current as of September 2008.  The economic assessment 
presented in this report has an effective date of September 2008. 
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